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1.1 	Background to the Research Problems
The overall temperature throughout the African continent has increased by approximately 0.7°C during the 20th century, and some general circulation models project an increase in warming across the continent, ranging from 0.2°C per decade (low scenario) to more than 0.5°C per decade (high scenario) (IPCC, 2007 Sani, 2012, Sarr, 2012). The warming rate in the 20th century was at the rate of ~0.05°C per decade (IPCC, 2007a). While future changes in mean seasonal rainfall in Africa are less well-defined researcher such as Henson (2011) suggest that warming conditions will result in rainfall increases around the equatorial region of East Africa. Rainfall in the wet season may increase between 5 to 20%, although drought conditions may also be exacerbated by 5 to 10% in the dry seasons. 

Henson (2011) points out that too much rain at once can cause disastrous floods, while too little can make an area unproductive or even uninhabitable (Henson, 2011). Although warming trends on the African continent seem to be the same, climate variability and change on a large continent like Africa will not always be uniform; rather, different areas will experience different climate change impacts over time and space. For instance, some areas will get wetter and others will become drier, hence varied responses to the impacts between individuals, households, classes, businesses, states, and ecosystems in different places on the continent (Rosenzweig et al. 2001; IPCC, 2007; Thornton et al., 2010; Yanda and Mubaya, 2011).

Studies on climate variability and change have turned around into assessing people’s perception of the phenomena. However, in order to understand clearly the phenomena, some studies have combined perceptions and climate variability and change. A number of studies have shown agreements between perception and weather data (Mongi et al. 2010; Ogalleh et al. 2012; Juana et al. 2013, IPCCC, 2014). In Tanzania, Lyimo and Kangalawe (2010) gave contrasting results from analyzed rainfall variability data for the period between 1974 and 2005 in semi-aridareas of Shinyanga Rural District and reported no significant decrease over time, as opposed to perceived changes. Lema and Majule (2009) also reported decreasing rainfall and increasing temperature for the period between 1922 and 2007 in Dodoma, one of the semi-arid areas in Tanzania.

In the climate variability and change context, effective adaptation strategies are those that reduce present vulnerability at the same time as decreasing vulnerability to future climate change (Huq et al. 2003). Developing countries like Tanzania are often lacking the necessary institutions or people to deal effectively with climate-related priorities (Clover, 2003), (Ziervogel, 2004). Yet social capital and efficient institutional networks are key to developing adaptive capacity in response to climate change and other stressors at all levels (Adger, 2003, Brooks et al. 2005, Pelling and High, 2005, Tompkins, et al. 2002). 

However, Tanzania National Adaptation Programme for Action (2007) has predicted, regional mean daily temperature will rise by 30C-50C throughout the country and the mean annual temperature by 20C-40C by 2100. There will also be an increase in rainfall in some parts while other parts will experience decreased rainfall. Predictions further show that areas with bimodal rainfall pattern will experience increased rainfall of 5%-45% and those with unimodal rainfall pattern will experience decreased rainfall of 5%-15% (URT, 2012). These predictions are in agreement with what is reported by Parry et al., (2005) who reported that Tanzania will suffer a loss of over 10% of its grain production by the year 2080 due to the effects of climate change and variability. 

According to Jones and Kangalawe (2012), the average yield of the crop decrease over the entire country will be 33%, but simulations produced decreases of as high as 84% in the central regions of Dodoma and Shunyanga. Yields in the north-eastern highlands showed decreases of 22% while in the Lake Victoria region decreases of 17% were indicated. The western areas were estimated to have decreases of 10-15% by 2075. 

1.2 	Statement of the Problem 
Igunga and Kishapu Districts are among the areas that mostly affected by the impacts of climate variability and change. The two areas are falling in semi-arid parts of Tanzania that characterized by declining of agricultural productivity, pasture and water which is associated by impacts of climate variability and change (URT, 2007). However, the detailed analyses patterns and trends of rainfall and temperatures and other meteorological data are not clearly understood in the study districts. These and many other farmers’ responses to calamities caused by climate variability and change pose a serious challenge to researchers. 




The main objective of this study is to deepen the understanding of climate variability and adaptation strategies to small scale farmers in semi-arid areas, 

1.3.2	Specific Objectives 
1.	To analyse rainfall and temperature patterns in Igunga and Kishapu districts.
2.	To assess small scale farmers' perceptions of the impact of climate variability and change. 
3.	To examine agricultural adaptation strategies in response to climate variability and change in the study area.

1.4 	Research questions 
1.	How have temperature and rainfall been varying and changing in the study area during the study period? 
2.	How do the households perceive the climate variability and change?
3.	What are the agricultural adaptation strategies to climate variability and change?

1.5 	Significance of the Study	
The study aimed at increasing knowledge on how small-scale farmers and agro pastoralist adapt to climate variability and change as they are among vulnerable groups to effects of climate variability and change in their areas. Their potential here is often overlooked, because subsistence small-scale farmers using small and fragmented plots generally are at risk of not meeting even their own food requirement.

In addition, it aimed at informing policymakers and stakeholders in agriculture who can develop policies and strategies to stimulate small-scale farmers’ adaptation abilities to climate variability and change. For instance, an understanding of the factors influencing adaptation of small-scale farmers to climate variability and change will help the government institutions to identify appropriate strategies and support required to stimulate adaptation. 

Lastly, the study informed policy makers and other stakeholders to plan strategies to educate men and women on climate variability and change so that they can share equitably knowledge and practice in adaptation to climate variability and change for the common good livelihood of the householders.

1.6 	Organization of the Thesis






This chapter examines the theoretical literature review for the study. The first part focuses on theoretical framework of which the main concepts discussed include climate change, climate variability, and adaptation to climate change, Semi-arid theory and Farming systems. It is also covered the policy, theory and livelihood framework for adaptation to climate variability and change. The second section focuses on empirical perspectives, which deals with the evidence from the practices. It focuses on the findings from the previous studies with regards to smallholder women farmers’ vulnerability to climate variability and change; adaptation strategies to climate variability and change. 

2.2	Definition of key terms 
2.2.1	Climate Change 
There are various definitions of the term “climate change”. The Intergovernmental Panel on Climate Change (IPCC) defines climate change as any change in climate over time, whether due to natural variability or as a result of human activity (IPCC, 2007). The World Meteorological Organization (WMO) considers climate change as all forms of climatic inconstancy (i.e., any differences from long-term statistics of the meteorological elements calculated for different periods but relating to the same area), regardless of their statistical nature or physical causes. 

Framework Convention on Climate Change (UNFCCC) on the other hand defines climate change as a change of climate that is attributed, directly or indirectly, to human activity, alters the composition of the global atmosphere and is in addition to the natural climate variability observed over comparable periods (IPCC, 2007). Thus, the UNFCCC makes a distinction between “climate change” attributable to human activities altering the atmospheric composition (e.g. increasing atmospheric concentrations of CO2 and other greenhouse gases), and “climate variability” attributable to natural causes. However, it is generally not possible to make clear attributions between these causes. Projections of future climate change reported by IPCC generally consider the influence on climate of only anthropogenic increases in greenhouse gases and other human related factors (IPCC, 2007).

2.2.2	Climate Variability
The fluctuation of climatic variables like rainfall and temperature from their normal values are referred to as climate variability. The term is often used to denote deviations of climate statistics over a given period from the long-term climate statistics relating to the corresponding calendar period (IPCC, 2007b). In here, it is not possible to treat variability separately from climate change as global climate change causes local scale impacts (Smit, et al. 2001). Hence, climate variability is related to climate change as the later term is often used to include the occurrence of medium term changes in weather patterns, increased climate variability and more frequent climatic extremes (i.e. droughts & floods) (FAO, 2009).
2.2.3	Adaptation 
The concept of adaptation is variously described. URT (2013) define adaptation as the changes in processes, practices and structures to moderate potential changes or to benefit from opportunities associated with climate change. On the other hand, Smith and Wandel (2006) define adaptation in the context of human dimensions of global change as the process, action or outcome in a system (household, community, group, sector, region, country), in order to better cope with, manage or adjust to some changing conditions, stresses, hazards, risks or opportunities. Adger and Brooks (2007) described adaptation as “the adjustments in a system’s behaviour and characteristics that enhance its ability to cope with external stress. In this study the term adaptation was viewed as social responses by individuals, set of individuals or organizations directly or indirectly intended to change the way exposure units are affected by stimuli arising from climate variability and change. 

2.2.4	Adaptation to Climate Variability and Change
Definitions of adaptation vary from institution to institution, with distinctions often attributed to political differences and negotiations-related concerns (Smit and Wandel, 2006). In this research, we use the United Nations Framework Convention on Climate Change (UNFCCC) definition, which describes adaptation as the “adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates, harm or exploits beneficial opportunities” (UNFCCC, 2006). 

Adaptation is central to many proposed strategies for reducing the negative impacts of climate change. Adaptive capacity building is increasingly embraced by governments and other institutions as a means to improve economic and ecological resilience (Morvant-Roux, 2011). Policymakers draw linkages between a country’s financial, human, and institutional capital and its adaptive capacity. Evidence from available studies indicates that high income nations are most likely to adapt, the most vulnerable are least likely to adapt, and proactive adaptation is often government driven (IPCC, 2007). The task of distinguishing climate change impacts from economic ones is tremendously challenging, leading to calls for the mainstreaming of climate adaptation in development (Nhemchena and Hassan, 2007). 

However, in many cases, adaptation activities are more local (that is district, regional or national) issues rather than international (Paavola et al. 2005; Parry et al. 2005). This is because different communities in different geographical locations and scales are exposed to different levels of vulnerability and possess varying adaptive capacities, thus they tend to be impacted differently, and thereby exhibiting different adaptation needs. Moreover, Majule et al. (2008) notes that adaptive capacity to climate change varies within communities due to various factors including variation on wealth among social groups, age, gender and sex. 

A number of adaptations especially during extreme events, further notes (Majule et al. 2008) have been developed by different socio-economic groups; the poor people sell labour in rich people farms, engaging in non-farm income generating activities such as brick and charcoal making, reducing the number of meals from two to one per day; the middle adapt by engaging in non-farm income generating activities, food vending, and resorting to cheap marriages; and the rich tend to hide food to discourage the rest of the community from begging food.

2.2.5	Semi-Arid Regions
The definition of semi-arid region is based on the climate. Yet, it is problematic to define semi-arid regions based on its climate (Quinn and Ockwell, 2010). Some scholars have defined these regions as ones having mean annual rainfall as low as between 200 and 600 mm (Huang et al. 2012; Sarr, 2012). Others give a range between 500 and 800 mm per year (URT, 2007; Mongi et al. 2010, Kabote et. al. 2013); while some report an annual rainfall, which ranges between 600 and 800 mm (UDSM, 1999). 

Based on the Department for International Development cited by Quinn and Ockwell (2010), the mean annual rainfall in semi-arid regions is between 400 and 1200 mm with mean monthly temperature exceeding 180C, while evapo-transpiration exceeding precipitation in one or more seasons. It is apparent from these inconsistencies in defining semi-arid regions that the mean annual rainfall in semi-arid regions is more variable. Nonetheless, an annual rainfall below 400 mm may be too low and may define an arid agro-ecological zone, which is relatively drier than a semi-arid region. In addition, an annual rainfall of 1200 mm may be too much rain for a semi-arid region. Therefore, in this research the term semi-arid is defined as an agro-ecological zone which receives mean annual rainfall between 400 and 900 mm with mean monthly temperature exceeding 18oC. 
2.2.6	Climate Variability and Change in Africa
The climate of Africa is influenced and modified by four major global drivers, which are the Inter-Tropical Convergence Zone (ITCZ), the El Niño-Southern Oscillation (ENSO), circulation patterns in the Indian Ocean, and the West African Monsoon, all of which determine the annual seasonality and variability of rainfall and temperature across the African continent (Stringer et al; 2009, Dazé 2011, Gandure et al. 2012;.). In addition, the climate of Africa is further significantly modified by the presence of large contrasts in topography and the existence of water bodies such as lakes and rivers across the continent. 

Increases in temperature will affect the natural interactions of these diverse drivers, causing droughts, floods, heat waves, wind storms and other extreme weather events within the climates of Africa (Nordhaus, 2007, Gundure, et.al 2012). For instance, increased fluctuations and variability in rainfall in many parts of Africa, including the Sahel region, eastern and southern parts of Africa, have been associated with the changing temperature conditions in ENSO (Haile, 2005; Sivakumar et al. 2005; Plisnier et al. 2000), and the occurrence of the recent drought conditions in equatorial and sub-tropical Eastern Africa from the 1980s to the 2000s is thought to be caused by the increased sea surface temperatures in the southwest part of the Indian Ocean (Juana and Mendelson, 2012).

Similarly, rainfall on the other hand, shows a decreasing trend from Southern towards Northern Africa particularly in semi-arid areas of Southern and Western Africa (Nicholson, 2000; 2001; Kotir, 2010). However, some areas in East Africa have seen an increasing trend while others have experienced a decreasing trend (Olesen and Bindi, 2002; Reidsman et al. 2009 ;). These differences in trends of climate change imply that the phenomenon is geographically specific and generalization can be difficult. Short-term changes that include increasing frequency of floods, droughts, cyclones and decreasing number of rainy days have also been reported, but more work is required to examine trends of climate variability over time in semi-arid areas where variability may not necessarily be something new. Therefore, studies at the local level are too critical to be able to advise small scale farmers to minimize risks associated with the phenomena.

However, there is general agreement on the proposition that most African countries are vulnerable to the effect of climate variability and change due to their dependence on rain-fed agriculture and natural resources, which constitute a large part of local livelihoods (IPCC, 2001; 2007). According to the IPCC report, agriculture contributes about 70% of the GDP of some African economies (IPCC, 2007). However, climate change and variability are projected to reduce yield from rain-fed agriculture by up to 50% by 2020 for some of the countries in Africa. 

More agricultural losses are expected to occur in areas such as the Sahel, East Africa and Southern Africa, coupled with changes in the length of growing period, flooding and drought. Also, projections suggest that between 75 and 250 million people in Africa will experience increased water problems by 2020 as a result of climate change, which will lead to increased water demand and the exacerbation of water-related problems (IPCC, 2007).
2.3	Empirical Literature Review on Small-Scale Farmers’
2.3.1	Climate Variability and Change Effects on Small Scale Farmers
Over 40% of the earth’s land surface is dry lands, encompassing arid, semiarid, and dry sub humid climatic zones that are home to approximately 2.5 billion people (Millennium Ecosystem Assessment, 2005). Livelihood sustainability in these regions is threatened by a complex and interrelated range of social, economic, political, and environmental changes that present significant challenges to researchers, policy makers, and, above all, rural land users (Hatibu et al. 2002).

Africa is one of the most vulnerable continents to climate change and variability, a situation that is aggravated by the interaction of multiple stresses, occurring at various levels (IPCC, 2007; Boko et al. 2007). This is partly due to low adaptive capacity and higher reliance on natural resources, such as agricultural land, forests and water which are very sensitive to changes affecting the environment. Some countries in Africa already face semiarid conditions that make agricultural production challenging, and climate variability will likely reduce the length of growing seasons as well as force large areas of marginal agricultural potential out of production (IPCC, 2007, Fischer et al. 2005). For instance, food production assessment indicates that domestic food production has already declined by 10% in several of the sub-Saharan countries (Fischer et al. 2005). It has also been projected that a reduction in yield in some countries would be as much as 50% by 2020, with small-scale farmers being the most affected (IPCC, 2007). 

Ecosystems, land use and livelihoods of local communities are among the aspects influenced by climate variability and change (Boko, et al. 2007). With a temperature increase of 3˚C alongside the global warming anomaly, about 250-550 million people may be at risk of hunger with more than half of these people concentrated in Africa and Western Asia (IPCC, 2001). Thus Tanzania with more than one-third of its land area in the semiarid environment faces the risks of negative impacts associated with climate change. 

Given the poverty level and high dependence on rain-fed agriculture and natural resources, the country may be quite vulnerable to future climatic changes (Agrawala et al. 2003). Agriculture is the main source of employment and livelihood for more than two thirds of the Tanzanian population, and the most important economic sector in terms of food production. Climate change scenarios across multiple general circulation models show increases in country average mean temperature. Predictions show that the mean daily temperature will rise by 3˚C-5˚C throughout the country and the mean annual temperature will rise by 2˚C-4˚C. 

Predictions further show that areas with bimodal rainfall pattern will experience increased rainfall of 5%-45% and those with unimodal rainfall pattern will experience decreased rain- fall of 5%-15% (, URT, 2005, URT, 2007 ). In most parts of the country rains are increasingly declining and cycles are detrimentally changing (Kangalawe and Lyimo 2013). However, the impact can be positive when they enhance system’s ability to support people’s living, or can be negative when they put the system at risk of failure in supporting the living.

2.3.2	Trends In Climate Variability and Change In Tanzania
Tanzania is located in East Africa and is situated between latitudes 1ºS and 12ºS and longitudes 29ºE and 41ºE. Thus, the country’s climate is mainly influenced, in addition to variations in topography and presence of great lakes, by an inter-tropical convergence zone (ITCZ). This is a lower pressure belt where large air masses converge near the Equator. The belt moves either northwards or southwards, making the northern and eastern parts of the country to have bimodal rainfall (Mtongori and Innes, 2010). 

Bimodal rainfall is characterized by short rains that occur during October, November and December and by long rains that occur during March, April and May. Nonetheless, rainfall regime in semi-arid areas of central Tanzania including Igunga and Kishapu districts, where this study was conducted, is unimodal (Rubanza et al. 2005; URT, 2007). The rains may start in November and cease in April (Mtongori and Innes, 2010).

Climate variability and change have also been reported in Tanzania. For instance, mean surface temperature has increased between 1 and 2oC (Lema and Majule, 2009; Mongi et al. 2010), whereas, rainfall has decreased between 5 and 15 millimetres in some parts of the country since 1974 (Mongi et al. 2010). Rising sea level and melting of the ice cap of the Mount Kilimanjaro are also signs of climate variability and change in Tanzania (Agrawala et al. 2003). It appears that change in average annual rainfall since the 1960s is not that much substantial except that patterns are no longer predictable and frequencies of floods and droughts have definitely increased in some parts of the country (Mtongori and Innes, 2010).
The climate in central Tanzania is characterized by low rainfall patterns, punctuated by storms, droughts and floods; and increasing and decreasing trends in temperature and precipitation (Mary et al. 2009). In this study, variability was examined between years as well as between and within growing seasons. Droughts are prevalent and unpredictable in many parts of the country (Mongi et al. 2010). In drought stricken, rural and semi-arid regions of Sub-Saharan Africa (SSA), including Tanzania, where poverty is common, livelihoods are largely anchored on farming, pastoralism and agro-pastoralism (Blench and Marriage, 1999, Burke at. al., 2008). 

Even though there is a long history of droughts in Tanzania, studies show that the frequency of droughts has increased over the past few decades, especially in semi-arid areas such as Dodoma, Shinyanga, Singida, Tabora and some parts of Arusha and Iringa (Lema and Majule, 2009, Mongi et al., 2010, Swai et al. 2012). Rainfall variability data analyzed for the period between 1974 and 2005 in semi-arid of Shinyanga Rural District in Tanzania, reported no significant decrease over time. However, decreasing measured rainfall and increasing temperature for the period between 1992 and 2007 was reported in Manyoni, another semi-arid area in Tanzania (Lyimo and Kangalawe, 2010; Lema and Majule, 2009; Lyimo and Kangalawe, 2010). 

Climate studies indicate that mean temperatures and precipitation in the country have changed over time (Agrawala et al. 2003; IPCC, 2007). The Fifth Report of the Intergovernmental Panel on Climate Change (IPCC) on climate variability in Morton, 2007; Paavola, 2008; Kotir, 2010; Roudier et al. 2011). Tanzania provides more evidence on the occurrence of the phenomenon than previous reports (IPCC, 2014). The average annual rainfall of Tanzania shows a very high level of variability over the past years (Quinn and Ockwell, 2010). 

Literature reveals a high degree of agreement that climate variability and change have already happened, and that they are a global phenomenon (Kotir, 2010; Roudier et al.  2011; Huang and Guan, 2012, Exenberger and Pondorfer, 2011). The proponents of the phenomena are of the view that rainfall is decreasing, while temperature is increasing over time. However, they fail to explain seasonal variability particularly within crop growing seasons over time. Some scholars are of the view that climate variability is not new in semi-arid regions; and that such variability in climate has been affecting small scale farmers and pastoralists for many decades (Tietjen and Jeltsch, 2007). Inter-annual variability of rainfall and temperature in Tanzania is common (Swai, et al. 2012; OUT, 2013). 

Frequent dry spells have resulted into reduced crop yields and increased food shortages leading to food insecurity (Lema and Majule, 2009)]. Furthermore, annual rainfall data analysis shows a decreasing trend at the rate of 3.3% per decade, more so in southern Tanzania, while the mean annual temperature has increased by 0.23oC per decade during the period between 1960 and 2003 (Kabote, et al.  2013). Both day time and night time temperatures show an increasing trend, particularly during January and February; but night time temperatures reveal an increasing trend at 19.8% per year relative to day time temperature, which increased at 13.6% per year between 1960 and 2003 (McSweey, 2011).
Kishapu and Igunga districts, located in a semi-arid area, have been hard hit by the ongoing climate variability and change. The inhabitants of Kishapu and Igunga have been caught up in the ongoing wave of emigration from dry areas to areas with high rainfall. The movement of the indigenous people with their flocks of livestock from various places in Tanzania to other parts within the country, has ravaged forest reserves, game parks and other conservation areas. The movement has been accompanied by conflicts between farmers and pastoralists; and conflicts between conservation authorities and pastoralists. 

In rainfed agriculture and pastoralism these changes in climate have been characterized by unpredictable patterns of rainfall, leading to poor harvests and scarce pastures.  (IPCC, 2007; Sarr, 2012) predict more decrease in rainfall in semi-arid regions of Africa than it is at present; and add that if this trend continues, the growing season in semi-arid regions of Africa will be reduced by 20% in 2050. While climate variability is differentiated by geographical location (Challinor, 2007, Moyo, et al. 2012), IPCC, 2014), there is limited information regarding trends of climate variability in semi-arid ecological zones. Since climate variability is considerably affecting productivity in agriculture and livestock as well as natural resources management in semi-arid areas, a clear understanding of the phenomenon is critically important in order to inform decision making processes when addressing the phenomenon.

2.3.3	Adaptation Strategies to Climate Variability and Change For Small Scale Farmers In Semi-Arid Areas in Tanzania 
In Tanzania, agriculture and livestock are the most important sectors of the economy; unfortunately, these sectors have been hit the hardest by climate change. Indeed, this has been confirmed by several studies in Sub-Saharan Africa (Deressa, 2006; Moussa et al. 2006; Jain 2006; Mano, et al. 2006, Hassan, et al. 2008). Climate variability and change have reduced the length of growing seasons as well as made some areas of marginal agricultural potential out of production (IPCC, 2007, Fischer, et al. 2005, Thornton et al. 2008).

Although climate variability affect the agricultural sectors of different countries in different ways, what is clear is that these changes bring about substantial welfare losses, especially for smallholders whose main source of livelihood derives from agriculture and livestock (Kabote, et al. 2013).   Concern has been raised about marginal groups that are dependent on climate-sensitive resources but who do not have the means to adapt fast enough and are thus vulnerable to both current and future climate variability (Adger, et al. 2001, Downing et al. 2005, Ribot and Panagides, 1996, Smit, 2001). 

Adaptation to climate variability is necessary both to reduce current vulnerability to climatic hazards and stresses as well as to prepare for future climate change (Kangalawe, 2012). Although development cannot necessarily be made climate-proof, development strategies should acknowledge predicted climate change in order to minimize its impact. It is of paramount importance that research aimed at supporting adaptation to climate variability and change among such groups is well-grounded and based on the experience and needs of marginal groups. Not enough attention has been paid to the means which vulnerable people themselves use to respond to stresses (Wisner, et al. 2004).
The adaptive capacity determines the nature of adaptation strategies (Majule, et al. 2008, Mekonnen and Kassa, 2019). In the climate variability and change context, effective adaptation strategies are those that reduce present vulnerability at the same time as decreasing vulnerability to future climate change (Huq, et al. 2003). Developing countries like Tanzania are often lacking the necessary institutions or people to deal effectively with climate-related priorities (Bushesha, et al. 2009, Gwambene, 2007). 

Yet social capital and efficient institutional networks are key to developing adaptive capacity in response to climate change and other stressors at all levels (Adger, 2003), Brooks et al. 2005), (Pelling and High, 2005), (Tompkins et al. 2002). Additionally, climate change adaptation has tended to focus on individual and sector-specific aspects rather than exploring the broader institutional arrangements that could be renegotiated to decrease vulnerability (Thomalla et al. 2006). Cross-scalar solutions need to be sought (Adger, et al. 2005). Climate change adaptation rhetoric needs to be more closely linked to political ecology, sustainable development and development policy initiatives in order to seek win–win solutions at multiple scales (AfDB, 2003; Munasinghe and Swart, 2005 and Simms, et al. 2004).

Climate-related interventions therefore need to be integrated into development planning and support poverty-reducing and development initiatives that are ongoing and have institutional support (Burton et al. 2002, AfDB, 2003). This can help support the goals of addressing issues of equity and distribution of benefits in climate adaptation policy (Adger et al., 2006; Paavola et al. 2006,). The emerging field of adaptation policy supports the need for involvement of targeted beneficiaries and an understanding of local vulnerability to build our understanding of adaptation to climate change (Huq, et al. 2003; Lim, et al. 2005, Rao, 2007). 

Some least developed countries (LDCs) have started to explore national priorities for adaptation and have developed national adaptation plans of action (NAPAs) (Huq, et al. 2003). However, the need still exists to do further work on understanding the existing dynamics of adaptation before projects are initiated. This understanding should provide the basis for developing an adaptation policy to climate variability that aims to reduce vulnerability and human insecurity (Sharma et al. 2005). 

In the light of the above, governments need to understand the opportunities for adaptation and the key drivers behind voluntary adaptation, by vulnerable small scale farmers (Kangalawe, 2013). Some studies have pointed out several socioeconomic, environmental factors, as well as the economic structure, as key drivers influencing farmers’ choice of specific methods of mitigation in Africa, as a whole, and in some specific SSA countries (Deresa, et al. 2009, (Kabubo-Mariara, 2008; Mideksa, 2009 and Bryan, et al. 2009). Thus, there is a need for each nation to understand the scope of climate variability and change and the drivers of adaptation (URT, 2012),  particularly amongst its small scale farmers and pastoralists, in order to craft appropriate policy responses, as the vulnerability and sensitivity of each area differs, as does the accessibility of the different adaptation methods (URT, 2007b). 

However, the consequences of climate variability vary with ways in which a society has organized itself in relation to its resource base, its relation with other societies, and its relation with its institutions and the relations among its members (Yanda, 2013). Inequality or social differentiation and marginalization are among critical determinants of adaptation. Different people groups and places within regions differ in their ability to adapt and divisions between rich and poor translate into differential sensitivity to climate variability and change (Kangalawe et al. 2008). 

2.3.4	Farmers’ Perceptions and Adaptations to Climate Change 
Juma et.al., (2013) reports that perceptions about climate change showed that a significant number of farmers believe that temperature has already increased and that precipitation has declined for eleven African countries including Tanzania. Farmers with the greatest farming experience were more likely to notice changes in climatic conditions. The study also reported that farmers’ experiences, access to free extension services and markets are important determinants of adaptation.

Nhemachena and Hassan (2007) examined farmers’ adaptation strategies in South Africa, Zambia and Zimbabwe. The study describes farmers’ perceptions about long-term changes in temperature and precipitation, as well as various farm-level adaptation measures adopted, and barriers to adaptation. The results indicated that using different crop varieties, crop diversification, changing planting dates, switching from farm to non-farm activities, increased use of irrigation, and increased water and soil conservation techniques were the different adaptation measures employed by farmers in these countries. 

The study also reported that most farmers perceived long-term increase in temperature and that the region was getting drier, with changes in the timing of rains and frequency of droughts. The farmers reported that lack of credit facilities and information on adaptation options and insufficient inputs are the main barriers to adopting any climate change adaptation options. The results of the multivariate discrete choice analysis show that gender, years of farming experience, access to extension services, access to extension services, access to credit facilities and markets are the significant determinants of adaptations to climate change in the region credit facilities and markets are the significant determinants of adaptations to climate change in the region. Gbetibouo (2009) argues that farmers with access to extension services in South Africa are likely to perceive changes in the climate because extension services provide information about climate and weather. 

Consequently, awareness and perceptions of changes in climatic conditions shape action or inaction on the problem of climate change. In a similar study, (Acquah de Graft, 2011) analyzed farmers’ perceptions of climate change and adaptations in the savanna zone of Senegal. The results of the study showed that farmers in this zone are aware of climate variability, and identified intensive wind and occasional excess rainfall as the most destructive climatic factors. They therefore attributed poor livestock health and reduced crop yield to these adverse climatic factors. 

However, the farmers also attributed crop failures and other perceived climate impacts to the political problems in the country Gbetibouo (2009) argues that farmers with access to extension services in South Africa are likely to perceive changes in the climate because extension services provide information about climate and weather. Consequently awareness and perceptions of changes in climatic conditions shape action or inaction on the problem of climate change. In a similar study, Mertz, Mbow, Reenburg, and Diouf (2009) analysed farmers’ perceptions of climate change and adaptations in the savanna zone of Senegal. The results of the study showed that farmers in this zone aware of climate variability, and identified intensive wind and occasional excess rainfall as the most destructive climatic factors. They therefore attributed poor livestock health and reduced crop yield to these adverse climatic factors. However, the farmers also attributed crop failures and other perceived climate impacts to the political problems in the country.

2.4	National Climate Change Strategy (NCCS) 2012
The National Climate Change Strategy presents Tanzania with an opportunity to address climate change adaptation and participate in the global efforts to reduce impacts of climate variability and change in the context of sustainable development.  According to URT (2012), the goal of the Strategy is to enable Tanzania to effectively adapt to change and participate in global efforts to mitigate climate change with a view to achieving sustainable development in line with the Tanzania Development Vision 2025, as well as national sectoral policies. The implementation of the Strategy is sought to enable the country to put in place measures to adapt to climate variability and change and mitigate greenhouse gas (GHG) emissions. 

The strategy specifically intends to build the capacity of Tanzania to adapt to climate change impacts; enhance resilience of ecosystems to the challenges posed by climate change; enable accessibility and utilization of the available climate change opportunities through implementation; enhance participation in climate change mitigation activities that lead to sustainable development; enhance public awareness on climate change; enhance information management on climate change; and put in place a better institutional arrangement to adequately address climate change . Nevertheless, none of the strategies has directly addressing the needs of small-scale farmers in adapting to climate variability and change.

2.5	Research Gap on Small-Farmers’ to Climate Variability and Change 
The literatures and studies have been undertaken to measure the impact of climate variability and change on  have been mainly focusing on impacts of climate variability and change on agriculture, energy, water, health and disaster (Brondy et al., 2008 and Rohr, 2008; Majule and Lema, 2008). Literatures have shown that there are already done adaptation studies on small-scale farmers in different parts of Tanzania (Lema and Majule, 2009; Mongi et al., 2010; Lyimo, Kangalawe, 2010; Kangalawe et al., 2011; Swai, at el., 2012a & Mwakalali, 2014).  However, all these studies were found to be general and none of them were specific on analyzing factors affecting the choice of the suggested adaptation methods in semi-arid areas particularly in Kishapu and Igunga districts. This presents important limitations as a deep understanding of how farmers respond to climate change or their choice of adaptation methods, influenced by a host of socio-economic and environmental factors. 

2.6	The Conceptual Framework
The conceptual framework used for this study based on the theoretical and empirical literature (Parry, et al. 2005; Smith, 2009). This framework establishes linkages between climate variability and change variables (independent variables) and adaptation strategies, which is the dependent variable. However, increasing temperature and drought may limit or reduce agricultural land area or increase land degradation and limited water for cultivation (Dharmaji and Hug, 2008; Rao, et al. 2007).

An increase in temperature and drought leads to a reduction in the production capacity. This framework establishes the effect of climate variability and change in crop and livestock production. Climate variability and change causes changes agriculture productivity and small scale farmers’ livelihoods (Sani and Chalchisa, 2016). The impact can be positive when they enhance system’s ability to support people’s living, or can be negative when they put the agriculture at risk of failure in supporting the living (SUA, 2011).

Another key argument in this thesis is climate variability and change have greatly affected global water resources (Vorosmarty, et al. 2000) including both direct and indirect impacts on water availability (Rao et al. 2007). First, drought has led to scarcity of surface water through changing river flows. With higher temperature, the capacity for water-holding of the atmosphere and increasing evaporation into the atmosphere has led to more intense precipitation and more droughts. Climate change has led to more drought in sandy land and semi-arid tropics (Cooper, et al., 2008) and resulted in water supply shortage. Impact of drought on livestock production increasing drought leads to the reduction of quality and development capacity of grass.  Although indirectly, effects on feed resources could have a significant impact on livestock productivity, ability of the ecosystems for grazing system, changes in feeding options and grazing management (Hulm, et al. 2001). 

The major impact of climate change is on animal health through disease and vector borne capacity. A change in Agriculture in response to climate variability and change is taken in this thesis to mean any long-term, planned or unplanned adjustment or modification in the Agriculture. Therefore, any adjustment in any part of the farming, modification, adoption or emerging of new crops, crop varieties, cropping calendar and using tolerant breeds of livestock and their interactions there in, is considered to be a change in the farming (Thornton and Mario, 2008). 

The influence of climate variability can be positive when they enhance system’s ability to support people’s living, or can be negative when they put the farming at risk of failure in supporting the living. Another key argument in this thesis is that small scale farmers who perceive that climate variability and change have happened, adjust farming to minimize the impact and or tap the opportunities of temperature and rainfall variability, if any (Grothmann and Patt, 2003). The study also argues that changes in agriculture farming occur following changes in climate variability and change from meteorological data trends and also due to farmers’ perceptions of the phenomena. In other words, farmers’ perceptions of climate variability and change were validated by meteorological data. This figure 2.1 suggests that Tanzanian farmers are exposed to both climate variability and change (mainly temperature and rainfall) and extreme climate change (mainly droughts).








                             


 Key:                 Forward relationship                  backward relationship
Figure 2. 1: Relationships between climate variability and change and Adaptation Strategies 
Source: Adapted from Parry et al. 2005, Smith, 2009

2.7	Summary	




This chapter describes the study area as well as the methodological processes which will be employed in the collection, organization, analysis and presentation of the data. To achieve its objectives, the study is employing a mixed method approach in order to gain sufficient insights into the phenomena under study (Creswell, 2007). The mixed methods used in this study are both qualitative and quantitative in nature. The chapter begins with the description of Igunga and Kishapu districts and proceeds to discuss the research design, types of the data, and research methods of data collection, presentation and methods of data analysis.

3.2	The Study Area
3.2.1	Location of Study Districts
Igunga District is located in Tabora Region and lies between latitudes 3°51’ and 4°48’ south of Equator and longitudes 33°22’ and 34°8’ East of Greenwich (Figure 2.1). Igunga District covers an area of 6,912 square kilometres and it is bordered by Kishapu District to the North, Iramba District to the East, Uyui District to the South and Nzega District to the west (Igunga District Council, 2009). Kishapu District covers an area of 9226 km2, and lies between longitudes 36˚30' and 33˚30'E and latitudes3˚45' and 5˚00'S.  Agricultural farming depends on rain-fed crop production (millet, rice, sorghum, sweet potatoes, maize) and livestock (sheep, donkeys, goats and cattle; while agro pastoralists highly depend on animal rearing (goats, donkeys and cattle) besides some opportunistic farming (mainly sorghum), 89.5% of the people live in rural areas (Mkwama, 2015). High reliance on rain-fed agriculture and pasture means that this population is particularly vulnerable to drought, livestock diseases, crop pests and market price fluctuations. .





Igunga District is falling in semi-arid area with temperatures ranging from 20°C to 33°C. It is one of the driest districts in Tanzania with rainfall ranging from 600mm to 800mm per annum. The rainfall season spans the period from November to April. The southern and south western parts of the district get more rain than the northern and north eastern parts (Igunga District Council, 2009). Kishapu is also falling in semi-arid area the mean annual rainfall lies between 500 mm and 700 mm and surface temperature ranges from 160C in June to 300C in October. The area lies at an altitude 1000-1200m above sea level. The highest temperature is experienced in October, just before the onset of rainfall. A dry spell normally occurs between mid-January and February (Kishapu District Council 2009). The rainfall regime in both districts is unimodal, which starts in November and ends in April (Rubinza, et.al. 2005).

3.2.3	Population of the Study
The Igunga District had 399,727 inhabitants (195,607 being males and 204,120 being females) and 62,457 households (NBS, 2012). The average size of the household is 6.4 people with the annual growth rate of 3.3. While Kishapu had 239,305 inhabitants (120,287 being male and 119,081 being female) and 39,444 households and the average size is 6.1 (URT, 2013). 

3.2.4	Main Economic Activities
Agriculture and livestock keeping are the major economic activities performed in the districts. Agriculture is predominantly small-scale subsistence farming practised for both cash and food crops. The main cash crops cultivated include cotton, sunflower, groundnuts, greengram, onions, pigeon peas and cowpeas. The major food crops grown are sweet potatoes, sorghum and maize. For those people who possess adequate livestock, they usually sell some of their livestock in the markets available in the district to get some money which they use to buy foods from other districts. Other economic activities are mining and sunflower oil processing. 

On the other hand, livestock kept by the small scale farmers in the study areas are local breed such as goats, sheep, and cattle and free–range chicken. Off-farm activities such as petty trading, food vending and selling of local brews are other important economic activities undertaken by the people in the study area. Livestock keeping is also practised in the study area, in all districts, livestock herding is conducted under free range grazing. The types of livestock raised in the areas include cattle, goats, sheep and donkeys. It was difficult to separate crop production and livestock keeping in Igunga and Kishapu districts because the majority of livestock keepers also grew crops and vice versa.

3.2.5	Justification for selecting the Area of Study
Igunga and Kishapu districts were selected purposively for the study by being situated in semi-arid regions and that are dominated by the small scale farmers and agro-pastoralists that depend on rainfall.  Furthermore, the two districts are ideal for the study due to their unique characteristics of being food insecure and hunger in Igunga and Kishapu Districts (URT, 2013). In addition, the districts are contiguous. This is important to assess variations in rainfall and temperature between adjacent districts lying entirely in semi-arid areas dominated by different ethnic groups.
The criteria to select the study villages were: frequent drought, frequent hunger and frequency of receiving food aid. Frequent hunger and frequency of receiving food aid were used as indicators for crop failure associated with climate variability and change.  

3.3	Research Design 
The study adopted a cross-sectional design (Chaudhuri, et al. 2002) in order to examine the current situation. The design enabled holistic examination of climate variability and change and adaptation strategies (Creswell, et al. 2007). This method is considered to be useful based on the nature of the information required to be collected in relation to the study objectives. This design was also useful as it helped to make in-depth qualitative data on perceived effects and strategies used to adapt to climate variability and change by small-scale farmers (Creswell, 2003) Both quantitative and qualitative data were collected through household survey (Kabote, et al., 2013). Data was collected from two districts namely, Igunga (in Tabora Region) and Kishapu (in Shinyanga Region). 

3.3.1	Sample Size and Sampling Procedures
3.3.1.1	Sample Size
A total of 240 households formed the total sample size for this study. The sample size was determined using equation (i). Comparatively larger samples address the issue of heterogeneity, normality and so improve quality of research results (Bartlett, et al. 2001). However, the sample size was determined using the following formula as presented by Kothari (2004) as cited in Kabote, et al. (2013).
 ……………...…………………….…………………………. (i)
Where:
z = the value of the standard variate at a given confidence level usually 1.96 at 95% confidence level; n = sample size; p = sample proportion, for maximum n, p = 0.5; q = 1-p that is: 1-0.5 = 0.5; and e = precision or margin of error which is normally 0.05 (5%) at 95% confidence level. Substituting the values in equation (i) we got n = 240. During data collection, Mbutu, Bukama, Kishapu, Mwamalasa and Masanga had 348; 345; 305, 202 and 185 households respectively making a total of 1385. The following formula was therefore used to determine the sample in each village.

 Up on replacing numbers, then the sample size for the study is given by:
=   (1.96)2 (0.5) x (0.5) =240
                                          (0.5)2
The sample households in each village: The following formula was used
………………………………………………………………………  (ii)
(i)	Where: pi = proportion of households in a village; ni = selected sample per village and n = total number of households in the study area. The proportion (pi) of selected households in each village was calculated by taking total number of households in a village divided by total number of households in the five villages which was 1385. By substituting the values in equation (ii) the selected number of households per village is presented in Table 3.1. 
Table 3.1: Population and sampled households in each village








Based on the population differential among the five villages, simple calculation was done to obtain proportional sample size from each village. The fraction 348/1385= 0.25 was used to calculate the sample size from Mbutu village, 345/1385=0.245 for Bukama, 305/1385=0.25, 305/1385=0.22 for Kishapu, 202/1385=0.145 for Mwamalasa, 185/1385=0.133. Then the proportions from all those villages were multiplied by the sample size of 240. Therefore, in each village 60, 59,53,35,33 respondents were selected respectively.  
3.3.1.2	 Sampling Procedures
The Igunga District is administratively divided into 35 wards with 70 villages. While Kishapu District is administratively, divided into 20 wards and 90 villages.  The total household numbers from the villages which the samples were drawn. Districts sampling procedure, purposive sampling was used to sample out the districts which were used to sample out respondents for this study. The districts were chosen purposively because they are falling in the semi-arid ecological zone which is a part of Tanzania. The criteria of selecting those districts is that the areas have been experienced frequent food shortage that associated with the effects of climate variability and change (URT, 2013). The purposive sampling technique provides opportunities for the study to obtain subjects of desired characteristics (Kumar, 2005 and Cozby, 2006). 

Sampling procedure for villages under study; out of 160 villages that make Igunga and Kishapu districts. The aim of this study was to select five villages in the study areas by using simple random sampling. In comparison, Kishapu has many villages compared to Igunga, for this reason, we decided to take 2 villages in Igunga and 3 villages in Kishapu. Each village was assigned with two digit numbers beginning from 01, 02, 03…….85, 86, 87, 88 and 90 for Kishapu District and 01, 02, 03…65, 67, 68, 69, and 70 for Igunga District. Random digits from a box were selected to obtain five sample villages. The villages that were sampled out Bukama and Mbutu villages in Igunga District and Mwamalasa, Kishapu and Masanga villages from Kishapu District. This study used at least 30 households from each village. 

Sampling procedure of small scale farmers; a comprehensive list of the households in each village was obtained from the village household’s register to make up the sampling frame. In order to minimize bias during sampling, the established list of household heads did not follow any specific pattern.  Small-scale farmers were sampled from each village by using systematic random sampling from the list of small scale farmers prepared in each selected village by Village Executive Officers (VEO). Simple random sampling was used to select the first respondent from within a sampling interval, obtained by dividing total number of households in the village by the identified sample size. In systematic sampling, every nth element in the total list was chosen for inclusion in the sample (Ndunguru, 2007). The detailed distributions of respondents are shown in Table 3.1. Random sampling technique has a power of ensuring each member in target study population to have an equal chance of being selected (Creswell, 2011).  The basic unit of the study was the household, and questionnaire surveys were directed to the head of the households, mostly men and women, who are usually the main decision makers at the household level. 


3.4 	Data Collection Techniques
Both primary and secondary data was collected. Secondary data was obtained from reports and records. Primary data was obtained from interviews, focus group discussions, In-depth, and questionnaires. Both qualitative and quantitative data collection techniques were used (Creswell, 2011). The decision to use multiple instruments in collecting data is to ensure validity of data as one instrument complements another. Saunders, et al. 2007, Sandelowski, 2000, argues that multiple methods are useful if they provide better opportunity for you to answer your research questions and where they allow you to better evaluate the extent to which your research findings can be trusted and inferences made from them. He pointed out two major advantages of using multiple methods; first, different methods can be used for different purposes in a study; second, it enables triangulation to take place. 

In this study, the questionnaire formed part of the quantitative approach which made it easier to capture different statistical information used in this study. Alternatively, qualitative research is “an inquiry process of understanding” where the researcher develops a “complex, holistic picture, analyses words, reports detailed views of informants, and conducts the study in a natural setting” (Creswell, 1998). In this approach, the researcher makes knowledge claims based on constructivist perspectives (Tashakkori and Teddlie, 2003, Rao, 2007). From the use of qualitative research, information or data are obtained from those involved in the everyday life of the setting in which the study is framed. 

Collection of primary data and analysis were done in two different steps.  Step one employed Participatory Rural Appraisal (PRA). In PRA included FGDs and oral histories were employed. Historical timeline was useful for analyzing changes in the climate over time during FGDs. Step two on the other hand, was a household survey that built on the first stage in order to quantify variables that were prioritized in the first one. That means the second stage was informed by the first stage (Kabote, et al. 2013). The results from the two stages were integrated and compared with meteorological data trends. Data for this thesis were mainly collected from primary sources. Primary data were obtained from the field through questionnaire administration, face-to-face interviews and oral history which all aimed at providing an assessment of the vulnerability of agriculture-dependent livelihoods to climate change.

3.4.1 	Questionnaire Survey
The questionnaire survey formed an important source of quantitative data for this study. This was administered to individual heads of the households in the study area. The questions were both open and closed in order to capture facts and opinions of the households on issues related to the impacts of climate change on agriculture (i.e. the respondents’ perceptions, preferences, attitudes and opinions on the problem under study). The technique is favored because it enables the standardization of the questions being asked and the answers recorded. This standardization helps reduce errors that may arise from variations in the questions, thus providing greater accuracy and ease when processing the respondents’ answers (Bryman, 2008).

The household questionnaire was divided into four sections (Appendix 1). Section A covered the socio-economic and personal household information especially with regard to age, sex, education, occupation, and size of the household and household economic status. Section B of the questionnaire was designed to capture data on the impact of rainfall and temperature patterns, Section C of the questionnaire covered farmers’ perceptions on the impact of climate variability and change and practices in farming activities, Section D of the questionnaire covered adaptation strategies to climate variability and change. In this category, the data collected concentrated on local farming methods, practices and perceptions. Information on farmers’ perception on climate, impacts of climate variability and change in agriculture-dependent livelihoods was gathered.

3.4.2 	In-depth Interviews
In-depth interviews were conducted with selected individuals from the community with more knowledge about the subject area. The checklist (Appendix V) was used to collect data from the following groups of key informants. In-depth interviews were held with purposively (Creswell, 2011), the following groups of  eight key informants; were selected (i) 2 District Agricultural  (ii) 2 Livestock Office,  (iii) 2 Ward Agricultural Officers (WAO),  (iv) 2 District water official (v)  2 village chairman for both Igunga and Kishapu districts (Table 3.2). 
Two in-depth interviews were conducted; the interviews took between thirty to thirty five minutes. This helped in the documentation of different impacts of climate variability and change on rural livelihoods, traditional and planned adaptation strategies and community involvement in the implementation of adaptation strategies. It further provided an opportunity to identify possible challenges that farmers encounter in adapting to climate change variability and change, as well as the relevance of planned adaptation strategies. 

Table 3.2: Interviews Conducted With Key Informants at Government and Village Officials
Leve Lev2el	Position of the Participants	Number of the Participants
District	District Agricultural and Livestock  officers (DALDO)	2
	District water official	2





The in-depth interviews were considered important in the selection of the participants for the interview, because it focused on capturing as much as possible, the reliability and depth of the information being provided by the respondents. Hence, in recruiting participants from the communities, contacts were first made with the village leader, Ward or Agricultural Officers through whom the other respondents within the respective communities were then recruited. Those selected were considered by the first contacts to be knowledgeable and experienced in issues concerning farming activities, climatic conditions and experiences and practices in the area. 

3.4.3 	Focus Group Discussions
Using PRA techniques, qualitative data was collected in order to enable small scale farmers and agro-pastoralists to share and analyse their perception of climate variability and change (Chambers, 1994a; 1994b). This method used timeline and FGDs that involved household heads and spouses. It is recommended that the sample size for a group discussion should not be too big so as to be manageable and allow active participation of all members in the discussion; neither should the sample be too small (≥ five participants is acceptable) (Grenier and International Development Research Centre, 1998).

On the above basis, this study thus organized 10 focus group discussions (two in Bukama, two in Mbutu villages in Igunga district, and then two in Masanga, two in Kishapu and two in Mwamalasa villages in Kishapu districts) in village with a maximum number of twelve participants in each discussion session, participants’ age ranged from 29 to 70 years. During discussions some information were tape recorded (Yin, 2003). Agriculture and livestock extension officers were consulted only for clarification of some technical issues. Characteristics of FGDs participants are presented in Table 3.3. However, the objectives of the individual survey were to collect the information needed for in-depth analysis of the research questions, whereas the ones of the focus group were to verify the information obtained during the individual surveys. The same approach was used by Simelton, et al. (2013) and Gebreeyesus, 2017).
Table 3.3: Characteristics of FGDs Participants









For the case of this study, the majority of farmers attained primary education to a level of standard seven and above, and so there was very little difference in the levels of education. Secondly, all participants were farmers and livestock keepers. Hence, both men and women formed one focus group discussion where they freely expressed themselves and challenged each other’s views where necessary, without being intimidated by the factor of gender (Kabote, et al. 2013). Only members of the community aged 30 years and above were involved in the study with the assumption that younger people would have less experience of climate variability and farming activities, and also less relevant observational knowledge on the issues under study (Gyampoh, et al. 2009). Trends of bad years were assessed using timeline approach.

3.4.4 	Field walk Observations
Field walk is a tool used to obtain the description, location and distribution of resources, features, landscape, and main land uses along a given transect. It involves a systematic walk along a defined path (transect) across the community or area of interest together with the local people to explore the environmental conditions by observing, asking questions, listening and looking at different features in the natural environment (De Zeeuw and Wilbers, 2004). The method allows for discussion among the participants during the walk which helps in clarifying issues that are not clear and familiar to the researcher. The study organized  systematic transect walks, one in each village which helped in the verification of some of the data obtained from oral histories, focus group discussions and household interviews. 

In this study, the field walk helped observe environmental impacts of climate variability and change (dried watercourses, declining water volume in the rivers, extent of drought conditions revealed by crop failures), community vulnerability to climate variability and change, adaptation strategies, livelihood practices, land-use and conservation practices. The field walks across a given area were always done with the assistance of either a village leader, ward officer, or a farmer who helped in the identification of the route, with the company of three experienced farmers (or elders) who were familiar and knowledgeable about environmental conditions and farming activities, and were willing to accompany the researcher for the walk during which they had an opportunity to emphasize and support their responses with evidence on the existing environmental conditions. 

During the transect walks, the researcher asked questions and paid attention to the explanations given by the participants, observed environmental conditions and made notes in the field note book. The gathered information was used in complementing the data from interviews, focus group discussions and oral histories. 
3.4.5 	Oral Histories
Respondents were asked to recall events from the past and to reflect on them (Bryman, 2008).  Open-ended questions were used, then giving participants a chance to explain their opinion; this prevented any possibility of participants saying what they thought the researcher wanted them to say. It provided detailed accounts on how changes in natural environmental conditions and farming activities have occurred over time and how farmers have managed to cope with these changes. Through this method, in-depth information on past and present climatic hazards such as drought and famine incidences were obtained and discussed during the oral histories interview.

The data of the temporal scale was collected on climatic trends focused on the last 30 years (1985/1986-2016) although some participants were able to recall some incidences that occurred earlier than 1984. Nevertheless, the use of 30 years is recommended (Elliott and Campbell, 2002) because it is the time scale generally considered within the range of human memory. Choosing participants in this method were based relatively on old people, who had ~30 years of involvement in farming activities and could attest to noticeable changes in rainfall, temperature and farming activities. The necessity for inclusion was that during household surveys, elders who were found to be knowledgeable about farming activities and climate changes and who were cooperative and enthusiastic about the study were chosen to participate in the oral histories interview. 

In comparison, a smaller sample size discussion is usually believed to provide in-depth information than a larger sample size (Creswell and Clark, 2007). Therefore, eight individual elders from each district were involved in the oral history interviews. Information from the interviews were coded and compared. The method was preferred as it depends on the ability of the participant to remember events which occurred in the past.

 3.4.6 	Secondary Data 
The secondary data information (meteorological data) particularly monthly rainfall and temperature for the period between 1985 and 2016 were collected from Tanzania Meteorological Agency (TMA) responsible for meteorological issues in the country. Daily and monthly rainfall data for Igunga District from 1985 to 2016 (31 years) and Kishapu Districts for the period 1987-2016 (29 years) were obtained from the Tanzania Meteorological Agency (TMA). Daily rainfall data were summed up into monthly and annual totals. Due to lack of meteorological station in Kishapu District, the study used mean data obtained from Kishapu Meteorological Stations managed by the District Agricultural and Livestock Department (DALDO) located in Kishapu District. However, due to failure of the recorder to submit the readings from meteorological stations to TMA for the period 1985 to 1986, the time frame with continuous meteorological data for rainfall and temperature was reduced to 29 years, covering a period between 1987 and 2016. Similarly, temperature records available for Kishapu District covered the period from 1987 to 2016 i.e. 29 years records available instead of 31 years period. 

3.5 	Data Processing and Analysis
After data cleaning, the data were analysed and summarised into various categories, and relationships were assessed; the data were also presented in frequency tables, charts and graphs. For comparison purposes, percentage scores for different variables were calculated and comparisons made between Igunga and Kishapu Districts. Data were entered into a computer and checked for errors before being quantitatively analysed using the Statistical Package for Social Sciences (SPSS) computer software.

Data analysis started with organization of the data from transcription of the audio-recorded interviews (Creswell, 2011), field work notes from oral histories and focus group discussions. The information was analysed through coding which involved systematic examination of the text in order to identify phrases, sentences and passages that represented different conditions, phenomena and opinions as expressed by different participants during the field work. These descriptive passages and phrases were then used in making comparisons, trends and differences that existed between Igunga and Kishapu districts. Hence interpretation was done by relating the information obtained with key themes in the study. 

The reliability of the qualitative data was checked by using triangulation methods which uses various techniques to check the authenticity of the same information. Similarly, rainfall and temperature data from the study area were filtered, and outliers and breaks were removed before obtaining total annual averages for both rainfall and temperature. The household questionnaire with data on age, size and structure of the households, educational level, occupation, land ownership, types of crops grown and economic status (Wealth). However, indicators of wealth are shown from Appendix VI, VII, VIII, IX and X. 
3.6 	Quantitative Data Analysis
3.6.1 	Analysis by Likert Scale
Household perception of changes and adaptation to climate change and other factors were analyzed using Likert-scale method. In this method, a sample household head indicates his or her degree of agreement for a variety of statements related to the perceived changes of a given variable over time. Total score was calculated by summing up the values for all statements to see the significance of each variable. An important assumption of this scaling method is that each of the statement measures some aspect of a single variable so as to legitimately apply summation. In addition, the relative importance of sub categories of statements was measured, by relating its score with the household’s total score (Bunce et al., 2009).

A Likert scale usually consists of two parts, the item part and the evaluative part. The item part is essentially a statement about a certain product, event, or attitude. The evaluative part is a list of statement to indicate how important each statement was. The importance of each statement was determined using a five-point scale, with 5 corresponding to ‘strongly agree’, 4 ‘agree’, 3 ‘not sure’, 2 ‘disagree’ and 1 to ‘strongly disagree’ with statement (Iacobucci, 2005). The formula (1) below was used to calculate the overall Likert scores for the statements: where Sc is the overall rank score for a given statement, ni is the number of responses for a statement of weight i (where i = 1, 2, …, 5), 5N is the highest score assuming all respondents strongly agreed with a given statement (where i = 5), and N is the sample size. Finally, appropriate statistical procedures were applied to reach a conclusion.
Formula: Sc = (Number of people selected response1) *(weighing of response1) + (Number of people of people who selected response 2)* (weighing of response 2) ……... (Number of people who selected respond n)/ Total number of respondents.

The multinomial logit regression model was used to determine the factors influencing farmers’ preferences in the choice of a particular method of adaptation to climate variability and change (Tazeze, et al. 2017, Sani, et al. 2014). In this model, the dependent variable was multinomial with as many categories as the number of climate change adaptation methods recorded in the study area. 

Furthermore, in order to capture the effect of factors which determine adaptation strategiesfor small scale farmers in the study area, multinomial logistic regression model was used. The model has been suggested by Tazeze, (2017) to allow control for many factors that simultaneously affect the dependent variable. The model can accommodate many explanatory variables that may be correlated. The interpretation of the output from the model focused on β-coefficients for measuring the directions of the influence (positive or negative) of independent variables; Wald statistics for measuring the magnitudes of the influence of the negative and positive impacts; p-values for testing significance of the influence, the null hypothesis will be accepted if the p-value is greater than 0.001, 0.01, and 0.05. 

Conversely, the alternative hypothesis will be confirmed if the p value will be equal or less than 0.001, 0.01 and 0.05 (Kothari, 2004). The odds ratios, i.e. EXP (B) values are expected to be less than, equal to or more than 1. An EXP(B) value of 1 means that the dependent variables has no effect on the chances of the success variable occurring; a EXP(B) less than 1 decreases the chances of the success variable occurring; and a EXP(B) greater than 1 increases the chances of the success variable occurring. The multinomial logistic regression model used is shown in equation (1). 

3.6.2 	Model Specification 
The general form of multiple regression equation is
……………………… (1)
Where, Y is the dependent variable, 0 is Intercept, 1 - k   are coefficients of independent variables, X1 - Xk are the independent variables and  is the Error Term.




Y= Adaptation strategies, β0 = Constant/Intercept; β1 to β11 Coefficient of Independent variables   X1 = Respondents’ age, X2 = Respondents’ years of schooling, X3 = Size of acreage, X4 = Household size, X5 = Location, X6 = Gender of respondents, X7 = Economic status, X8 = Size of household X9 = Occupation, X10 = respondents’ years of schooling, and X11 = occupation. Fitness of the model is presented in Table 46.
3.6.3 	Analysis of Meteorological Data
Climatic data such as rainfall and temperature were analyzed using Excel to generate tables and graphs. SPSS was employed to generate means and variances, skewness and kurtosis which were used to assess the changes in climate (Hashim, et al. 2012). Maximum temperatures are recorded during the day time and thus, play a critical role in controlling evapo-transpiration and drying up of water bodies (Kabote, et al. 2013). For rainfall variability, the analysis focused on annual and seasonal variability trends because variability can reveal dry and wet periods over time.

During data analysis, both variability and monthly means were computed. The variability was computed as a deviation from a long-term (annual) mean. The rainfall and temperature annual variability are presented in (Table 4.1, 4.2, 4.3 and 4.4). The hypothesis that the study districts did not experience significant increasing trends in inter-annual rainfall variability for a period between 1985 and 2016 was tested using a p-value at 5% level of significance. To analyze meteorological data, R-Statistical package was used to perform simple regression analysis for rainfall and temperature data. Several studies have also used in this approach in the past to analyze evidence of climate change (Hashim, et al. 2012; Issahuku, et al. 2016). 

Simple regression analysis for statistical recorded data on rainfall and temperature in the study area were performed by using MS Excel as shown in the model below
		Y (j) = ak + c 
  	Where: Y (j) = Physical factors (mean rainfall and temperature)
		 a = Gradient (slopes) of the regression equation
		 k = Number of years
		 c = Regression constant

The XY plot scatter plot was produced and both regression line and regression equations established. The R-square (R2) were recorded for each analysis for the purpose of determining the significance trends. To determine significance of the trends, F-test was used to test significance of R2 at 5% level.

3.7 	Analysis of Qualitative Data
Thematic qualitative data analysis was employed to rigorously order and structures the qualitative data. Themes were summarized to supplement important information with respect to the objectives of the study. Qualitative data from focus group discussion and key informant interviews was analyzed by using content analysis technique (Krippendorff and Bock, 2008). The data was interpreted and organized into different ideas based on the research objectives.

3.8	Validity and Reliability
The questionnaires were pre-tested at Ziba village at Igunga District and the results were submitted to the Open University of Tanzania supervisors for their views which were used to produce the final version. Whenever the questionnaire was used as data collection in research, we were assured that these observation were reliable to measure what we intended to measure.
3.9 Ethical Considerations
The study did not violate ethical principles in the mentioned districts neither in the country because there is no controversial issue as part of the activities. All the activities where done within the existing laws of Tanzania and with similar activities being performed by other colleagues of the University.

3.8 	Summary






RAINFALL AND TEMPERATURE CHANGES IN KISHAPU                             AND IGUNGA DISTRICTS
4.1 	Introduction
This chapter describes climate variability in areas which have never been studied before with the view of contributing knowledge on rainfall and temperature trends over time in Igunga and Kishapu Districts, semi- arid areas located in western parts of Tanzania. The study presented the analysis and discussions of the findings of the study on the rainfall and temperature variability. Daily and monthly rainfall data for Igunga District from 1985 to 2016 (31 years) and Kishapu Districts for the period 1987-2016 (29 years) were obtained from the Tanzania Meteorological Agency (TMA). Daily rainfall data were summed up into monthly and annual totals.

4.2. 	Monthly rainfall in Kishapu District 
Rainfall is a major climate parameter with the highest degree of spatial and temporal variability in Kishapu District (Kishapu, 2009). Results show that in Kishapu District, the TMA station has recorded rainfall over the past 30 years. December recorded throughout the highest amount of mean monthly rainfall followed by January, March and April with recorded values of 141.35mm, 116.59 mm, 136.71mm and 109.42mm respectively, while February, May, October and November recorded the lowest values of average rainfall with values of 95.6mm, 33.4mm, 34.4mm and 97.47mm, respectively (Table 4.1). 


















The spatial distributions of precipitation indicate low rainfall variability with the maximum average of 102.20mm. This indicates high variability in monthly rainfall especially in the months of October, November and December. Further, the monthly rainfall data for the entire period is positively skewed to the right (0.732) indicating that rainfall data are not normally distributed. The results in this study show high standard deviations decreasing from 83.27 in December to 37.6 in February implying that rainfall patterns vary highly each month during crop growing season. 











Figure 4.1: Mean Monthly Rainfall in Kishapu District from 1987-2016


(Kabote, et.al. 2013), for example, have reported a decrease in productivity for maize, cotton, sorghum and sunflower in Shinyanga due to climate variability.

Further, the data shows that the monthly rainfall variance in the amount of rainfall decreases from 6935.39 in December to 2570.56 in April. Most of the area in Kishapu District is characterized by high incidences of droughts. A distinctive decrease in the amount of rainfall in April suggests an earlier rainfall cessation, which shortens the length of the crop growing season; hence affecting proper maturation of crops and pastures. Also the apparent decrease of rainfall in Kishapu District for the past 30 years as indicated graphically in the rainfall trends, implies that rainfall is drastically reduced during February to April the critical crop growing period as a result of the current ongoing climate variability and change. The implication of both effects to the period is to reduce the productivity of crops and pastures. (Rowhani, et al. 2011) have reported a decrease in productivity of maize, rice and sorghum in Tanzania due to climate change. 
From this point of view, in Kishapu the maximum and the minimum rainfall for the study period (1987–2016) were 449.70.mm and 37.4 mm in December and September respectively. This is a typical trend for the semi-arid regions as defined in this study in which the lower limit for mean annual rainfall is 200 mm and the upper limit is 900 mm (Huang and Guan, 2012; Kabote, et al. 2013). 
 
4.2.1 	Monthly Rainfall in Igunga District from 1985 to 2016
The findings were presented in Table 4.2, revealed that the long-term mean was 146.9 mm per year in Igunga districts, throughout the period under consideration.



















In Igunga District, the highest monthly mean rainfall was recorded in December, followed by January, March and April  with recorded values of 146.9mm, 110.0 mm, 138.13mm and 112.98 mm  of rainfall respectively, while February, May, August, and  October recorded the lowest mean values of 97.4 mm, 32.5 mm and 98.3mm respectively (Table 4.2). Further, the maximum and the minimum monthly rainfall for the study period (1985–2016) were 449.7mm and 213.4 mm. respectively (Table 4.2). Statistical evidence shows that the monthly rainfall variance in the seasons is highest during December (7622.6), followed by January (3905.0) and the lowest during May (934.4) and March (1725.8), which indicates that there were significant variations in rainfall between the months. 








Figure 4.2: 	Mean Monthly Rainfall in Igunga District from 1985-2016

4.2.2 	Monthly Maximum Temperature (°C) in Kishapu District (1987 to 2016)
In Kishapu District, temperature on the other hand, shows little variation with increasing trends in terms of minimum and maximum temperature. Table 4.3 shows that September, October and December are the three months that indicate the highest temperature, implying that it was the hottest months throughout the period between 1987 and 2016 while the lowest temperatures, were in January and November ranging from 24. 0°C to 33.60C throughout during the period under consideration. 


















The daytime temperature data are negatively skewed to the left (-0.610), indicating that there are variations on temperature between months. In Igunga District, the highest daytime temperature occurred in the months of October, November and December, while the lowest occurred in the months of November and January ranging from 24.0 to 33.6°C.
4.2.3 	Monthly Maximum Temperature (°C) in Igunga District (1987 to 2016)
Temperature is very important weather parameter for socio-economic development. For instance, temperature plays a crucial role in crop growth and development. Results showed that the mean maximum temperature for Igunga district in Tabora region, was 38.670C in February over the period between 1985 and 2016. This implies that the periods of highest temperature were also dry periods. It also implies that the increase in maximum temperature was accompanied by decreasing amount of rainfall in Igunga District in particular. Maximum temperature is normally recorded during the day time, thus its increase most probably reduces soil moisture through evaporation and evapotranspiration, which in turn negatively affects crop and pasture development. This has been also reported in Singida District, Tanzania by (Kabote et al., 2013). In Igunga District, the highest daytime temperature occurred in the months of October, November and December, while the lowest occurred in the months of November and January ranging from 24.0 to 33.6°C (Table 4.4). 

















The raised in maximum temperature increased uncertainty in crop production and water availability to the farmers. The raise in maximum temperature affects the physiological processes necessary for crop performance and development of crops and pasture, ultimately crop and pasture yields are likely to drop over time. The impacts of high temperature to the crops are most striking when heat stress occurs during open of a flower-bud. For instance, in maize and cotton crops, high temperature and shortage of rainfall causes poor germination performance, stunted growth and drying of crops before maturity. Igunga is semi-arid area where evapotranspiration rates is already very high and water table is shallow, an increase in temperature causes loss of water rapidly and consequently causes water shortage by decreasing  groundwater reservoirs. 

4.2.4 	Trends in Average Annual Rainfall In Kishapu And Igunga From 1985 To 2016
Figure 4.3, the trends in average annual rainfall in Kishapu from 1987 to 2016 and Igunga from 1985 to 2016 trends are presented. In the figure, indicates that the average annual rainfall has been decreasing from 1985 to 2016. 

Figure 4.3: Trends in Average Annual Rainfall in Kishapu and Igunga from 1985 to 2016
Anomalous peaks in rainfall occurred in 1998 and 2006 most probably caused by El Nino events. The increase of rainfall which occurred in 1998 and 2006 was accompanied by flooding and destruction of infrastructure and crops. So the high rainfall events led to starvation in Kishapu and Igunga areas. Otherwise, rainfall has had a consistent falling pattern. Consistent rainfall patterns suggest that it rained at the time farmers and agro-pastoralists expected it to rain (Kabote, et al. 2013). Nevertheless, rainfall variability, punctuating the general trend, can be beneficial when the increasing annual rainfall trend exceeds the range for semi-arid areas. The common situation for Igunga and Kishapu Districts is that there was seasonal rainfall variability in both districts and the crop growing season normally began November and went on to the end of January. This situation may make the farmer to be unable to take advantage of the wetter conditions due to its unpredictability and making poor small scale farmers to have no choice but to invest in low input production systems to minimize their losses in bad years.

Analysis of annual rainfall data for the period 1985-2016 was also done to determine trends and changes in rainfall characteristics. It was noticed that while rainfall had a decreasing trend, maximum temperatures were increasing. However, in the literature report (IPCC, 2007), the semi-arid areas have rainfall which ranges between 200 and 800mm per annum (IPCC, 2007). From the findings the amount of rainfall in Kishapu and Igunga does not exceed this average amount of rainfall. Rainfall variability has not been beneficial because the anomalous high irregular annual rainfall events have not exceeded the range for semi-arid regions, which suggest that the crops and livestock were at risk. 
Generally, rainfall data collected from Igunga and Kishapu rainfall meteorological stations revealed decreasing linear trend over time. Results also showed annual variability over time with R2 of 0.096 and 0.1863 in Igunga and Kishapu respectively. This translates into 0.96% and 18.6% of annual rainfall variability between 1985 and 2016, was associated with change in time, while the rest variance can be explained by other factors. Similar results of rainfall variability have been reported in semi-arid areas in Singida, Tanzania (Kabote, et al, 2013).

Two peaks in mean annual rainfall occurred in 1998 (105 mm) and 2006 (100 mm); these were associated with El-Nino events which caused floods, destroying houses in villages, towns, roads and other infrastructure. On the hand, in 1993, 2007 and 2010 the rainfall pattern indicates that there was a La Nina which brought in severe drought in the area. Several other years with drought are clearly shown in 1996, 2003, 2012 and 2015. These findings imply that there is a decrease in amount of rainfall during that period and the area experiences more periods of higher variability of rainfall. The falling mean rainfall pattern is affecting the replenishment of fresh water supplies in Kishapu and Igunga districts, leading to the drying of certain rivers and in others reduced flow. Similar observations were noticed during FGDs with small scale farmers from Kishapu, Mbutu and Bukama villages who reported the decrease in variability of rainfall in their areas.

4.2.5	Trends in an Average Annual Maximum Temperature in Kishapu and Igunga from 1985 to 2016
Statistical evidence provided by meteorological agency in Igunga and Kishapu shows an increase in temperature. Both trends for maximum and minimum temperature were increasing over time. This implies that daytime surface temperature increased over time in both Igunga and Kishapu. Trends show that the maximum temperature increased in 2003 and 2006 throughout the period between 1987 and 2016. The rest of the year’s show fluctuating trends over the same period suggesting temperature variability in Kishapu including Igunga District (Figure 4.4 and 4.5). 










Figure 4.5:	An average annual maximum Temperature in Kishapu and Igunga from 1985 to 2016
This study argues that, higher temperatures are intensifying evapo-transpiration and reducing soil moisture available for crops, particularly during the planting season. This phenomenon is most probably threatening crop and pasture development and productivity. Water sources are drying up, thus adversely affecting small scale farmers and agro-pastoralists whose livelihoods largely depends on the rain-fed farming system. Seasonal variability of rainfall and temperature was similarly reported by (MacSweeney, 2011) and (Rowhani, et al. 2011) at the national level in Tanzania. 

The Inter-annual variability in Kishapu revealed R2 of 0.078 for annual temperature. This translates into moderate temperature variability of 7.8% related to changes over time. For Igunga, the R2 was 0.1724, which translates into strong temperature variability of 17.24% over time. However, in Kishapu change in time explained temperature variability by 7.8% and in Igunga temperature variability by 17.24%. This suggests strong annual trends for temperature variability in Igunga than Kishapu for the period under concern. 

The increased in mean temperature during wet and dry season increased uncertainty in crop production and water availability to the farmers. The increase in mean temperature affects the physiological processes necessary for crop growth and development of crops and ultimately crop yields are likely to drop over time. The effects of high temperature to the crops production are most striking when heat stress occurs during open of a flower-bud. For example, in cotton and maize crops, high temperature and shortage of rainfall causes poor germination, stunted growth and drying of crops before maturity. Table 4.5 the study found that, the R2 was 0.1195, the p-value was 0.007 (P> 0.005) indicates that there is no statistical significant trend in the average temperature over time in the study areas at 5% level of significance for the period 1985-2016. 

Table 4.5: Statistical Analysis Average Temperature Over Time (Year) in the Study Area
Modal Summary 
Model	R	R2 	Adjusted R2	Std. Error of the Estimate	Change Statistics		
					R2 Change	F Change	df1	df2	Sig. F Change
1	.340	.116	.101	.39352	.116	7.717	1	59	.007
ANOVA








Source: Field Survey Data, 2016

Further, the correlation between temperature and time is significant as shown by the significance of Pearson Correlation test at the 1% probability level (Table 4.5). The R-squared statistic also indicates a weak relationship between the variables of average temperature and time (season). 

4.2.6 	Rainfall Trends during Growing Season in Kishapu - October to December
Annual crop yields for five major crops: maize, sorghum, cotton, sunflower and cowpeas were obtained from the respondents in Kishapu and Igunga Districts. All crops have one growing season in both districts. The growing seasons for the crops are determined by the major planting and harvest months. It was found that the planting and harvesting days varied from year to year depending on weather conditions.

Rain-fed farming in Igunga and Kishapu resolves around three major activities: planting, weeding and harvesting, which are linked directly to rainfall events. The period of planting is the time of greatest uncertainty and risk because planting decisions largely assemble the other activities and may not easily be implemented after certain time. Rainfall variability coupled with less sufficient monthly rainfall can exacerbate poor livelihoods among small-scale farmers and agro-pastoralists. Results of meteorological data for rainfall trends during the growing season from October to December are shown by (Figure 4.6) which indicates that there is highest variability of rainfall within months in Kishapu and Igunga; the more pronounced decrease being in October during the onset of the growing period.

Figure 4.6: Rainfall Trends During Growing Season in Kishapu (October to December


Also the data for rainfall trends during the growing season from October to December showed that annual rainfall data in the study area had been in declining trends for the last 30 seasons from 1985 to 2016. This indicates that the onset and end of rainfall during the growing period has become more erratic and unpredictable. The observations under similar climatic conditions are in broad agreement with those reported by (Yanda, et.al, 2008) and (Majule, 2008). However, the months of October and November show a continuous decrease in amount of rainfall throughout the period under consideration. Variability of rains and fluctuating decreasing trends during the crop growing season suggest presence of seasonal rainfall variability. Similar observations have been reported by (Kabote, et.al. 2013) in a study of climate variability in Shinyanga and Singida. In Figure 4.7, findings revealed that the linear rainfall trend in Igunga was decreasing over time. A clear decreasing trend in the amount of rainfall in November suggests shortening length of the crop growing season, hence affecting proper maturity of crops and pastures


Figure 4.7:  Rainfall Trends During Growing Season in Igunga (October to December

Climate variability and change occurred through increased rainfall unpredictability; increased frequency of drought; increased duration of dry spells and warmings. Such climatic changes increased farmers and agro-pastoralist mobility in search for water and pasture for livestock and also brought in changes of crop varieties to be grown. The study  found the increases in improved varieties of some crops produced in the study area due to change in rainfall. 

In figure 4.5, all the R2 values were less than 50% and suggested that the linear were not significant (R2 was 0.0434, 0.043, 0.0284 for Igunga and 0.12108, 0.0237, 0.0051) for Kishapu in October, November and December respectively. The common phenomenon for Igunga and Kishapu districts is that there was seasonal rainfall variability in both districts and the crop growing season normally began in November to April.

Intra-seasonal factors, such as timing of the onset of first rains affecting the crop planting regimes (Ouma, et al. 2008), the distribution and length of rain during the growing season (Usman and Reason, 2004) and effectiveness of rains in each precipitation event (Ouma, et al. 2018), are the real criteria that determine the effectiveness and success of farming. The clear decreasing trend in October and November implies that rainfall was decreasing during the critical crop growing period. The implication of both effects (which occur in November and February) is to reduce the productivity of crops and pastures in areas under consideration. 

However, when comparing the effects of the climate variability and change on agriculture and livestock activities in Igunga and Kishapu Districts, the findings revealed that small scale farmers in Igunga are hard hit by the variations and changes in climate as compared Kishapu District. This view is based on the fact that most small scale farmers in Igunga District are much depending on rain-fed type of agriculture for crop production, while small scale farmers in Kishapu District have been enjoying the presence more rivers for local irrigation during dry spells. This study finding is similar to what was reported by Mongi, et al. (2010) who identified that over-dependence on rain-fed agriculture by majority of people living in rural areas is the limiting factors for agriculture production which results in food insecurity and low income generation for the farmers.                    
                                                              
4.3 Chapter Summary
This chapter examined the variability of rainfall and temperature in Igunga and Kishapu Districts using time series data (1985 to 2016) from Tanzania Meteorological Agency. The regression analysis results show rainfall variability of R2 = 0.096 in Igunga and R2 = 0.186 in Kishapu which implies that about 0.96% and 1.86% of the changes in rainfall across the districts are associated with changes in weather variables. A considerable change of amount of rains was evident in Igunga than in Kishapu District. In both districts there was a change of months with the most rains. 





 SMALL SCALE FARMERS’ PERCEPTIONS OF CLIMATE VARIABILITY AND CHANGE IN KISHAPU AND IGUNGA
5.1	Introduction
This chapter presents findings and discussion of perceptions on the small-scale farmers on climate variability and change and their effect on agriculture-dependent livelihoods. The chapter in particular analysed households’ perceptions of climate variability and change. Although climate change is a global phenomenon causing serious impacts and threats to development, agricultural systems and food security (Thornton, et al. 2010), the impacts are more seriously experienced at the household level (local level) rather than at national or regional levels. Discussing the adaptation strategies by small-scale farmers is the task in Chapter Six. This chapter begins by presenting the demographic characteristics of the respondents, followed by the knowledge and perceptions of the farmers on the concept of climate change, and perceived courses of climate change. 

5.2 Social –Economic Characteristics of Respondents
The survey covered population characteristics of the households interviewed in the study area which included age, sex, education level of the head of household, occupation, socio economic status and the size of the household. Normally, such factors are generally considered to influence an individual’s perception about short-term and long-term variability in climate (Rao, et al. 2011 and Juana, et al. 2013). During interview the study comprised households who had experience in farming activities of not less than fifteen years; hence the minimum age in this study was 29 years. 

The study adopted that a respondent who has been involved in farming activities for the past 10 years could have gained sufficient knowledge and experiences in farming activities and thus could establish possible changes that have taken place in the area and in farming activities. The age of the household whose age was below 30 were considered to have less knowledge and experiences in farming activities as well as fewer relevant observations in climate changes (Gyampoh et al. 2009). In most cases during the household interviews several members of the households (e.g. women and children) were available; hence both contributed their views to the questions asked, for this case gender characteristics was not considered to influence the findings of this study (Table 5.1).




















Source: Field Survey Data, 2016
5.3 Age
Age of the respondents was expected to influence the decision of small-scale farmers in adapting to climate variability and change. More often in farming activities, age is used as an indicator of farming experiences. This experience makes certain information like selection of technology to adopt and others to be easier. Experiences in farming increases the possibility of uptake of adaptation options because experienced farmers have better knowledge on information related to changes to climate, and crop and livestock management practices (Acquah, 2011). Also, a positive relationship is often expected between technology adoption and accumulated experience (Makindara et al., 2009; Kilima et al., 2010).

5.4 Gender
Table 5.1 shows gender of small scale farmers who participate in farming activities in Igunga and Kishapu.  Gender of the head of the household significantly influence of the presence of farmers adaptation. About 22% and 46% of the households interviewed were male and 78% and 54%were female in Kishapu and Igunga respectively (Table 5.1). Findings in this study show that percentages of women were higher than men in both districts. The possible reason for the women participating more in farming activities may be due to the desire of meeting household basic needs. 

5.5 Farm Size 
Farm size cultivated by small-scale farmers is expected to affect adoption of technology positively or negatively. For example a study in Haiti found that farmers with larger farms had more land to allocate for construction of soil bunds and improved cut-off drains (Anley et al., 2007). On the contrary, Onububuguni and Esiobu, (2014) found that farmers with small sizes are likely to invest in soil conservation practices compared to those with larger land sizes. This study also assumed that farmers with more land are likely to adapt strategies that require more land, while farmers with small land sizes are likely to find strategies that require small pieces of land.

Appendix XI, in Kishapu, it can be seen that the average farm size owned was about 11.87 acres per household with a minimum of 1 acre and a maximum of 70 acres per household, the average land size under crop production was about 7.57 acres per household with a minimum of 1 acre per household and maximum of 40 acres per household. In Igunga, the average farm size owned was about 10.8 acres per household with a minimum of 2 acres and a maximum of 40 acres per household, the average land size under crop production was about 7.54 acres per household with a minimum of 1 acre per household with a maximum of 30 acres per household (Appendix XI), the rest of the farms are left fallows.

5.6  Education Level
The educational attainment of an individual can have strong effect on attitudes and awareness related to climate change and variability adaptation strategies. The survey results on education level of respondents indicated that more than a half 62% and 63% of the respondents interviewed in Kishapu and Igunga respectively had attained primary school education. It was also noted that 31% and 19% of interviewed respondents did not receive any formal education from Kishapu and Igunga respectively. On the other hand, the proportion of respondents who had secondary education in both districts was relatively small (7%. and 17%) in Kishapu and Igunga respectively.  However, the proportion of respondents who interviewed with no formal education is highest in Igunga district.

Some studies have shown that building capacity through training are very important for small scale farmers in direct effects on climate variability and change risk reduction and mitigating effects on factors that increase risk (Wamsler, 2012; Anley, et al. 2007). The level of education of the small-scale farmers was expected to influence decisions on adaptation to climate variability and change. It has been noted that farmers with higher level of education would have been more conscious on the effects of climate variability and change than those with lower levels of education. Several studies have shown that improving education and knowledge are very important for both men and women in direct effects on climate variability and change risk reduction and mitigating effects on factors that increase risk (Wamsler, 2012). In some other studies it was also found education level had a positive effect on productivity, market access, and adoption of improved technologies (Kilima et al., 2010).

5.7 Perceptions of Small-Scale Farmers on Climate Variability and Change
According to Michael (2014), perception refers to the beliefs of opinions often held by many people based on how things seem to them. The basic precondition for farmer’s adaptation to climate variability and change is perception. Farmer’s comments on climate variability and change over time were elaborated through discussion about rainfall duration through specific months, trends and spatial distribution.
Climate in Igunga and Kishapu is characterized by a history of climate extremes, such as: droughts and hunger; and increasing and decreasing trends in temperature and precipitation, respectively. This agrees with results from several studies from other places in Africa about farmers’ perceptions of drought in Kondoa District in Tanzania (Sleger, 2008) Zambia (Nyanga, et al. 2011). The results summaries response to the question to farmers during FGDs of whether they remember specific years that were different to normal, the table includes years since 1984 to 2016 only to enable comparisons with available climate data.  

Findings from FGDs on climate variability and change show that, many farmers suffered from hunger, increase of crop pests and their livestock died due to lack of pasture and water. 
These changes were justified during discussion with key informants at Kishapu as follows: …... “We depend on the rains for our crops and grazing pastures…..since 1987 the weather has been different here……we get lower rainfall in the first season compared to the past…….I think that several years of drought were the cause of pests in cotton plants…….they were my source of income …” (13/03/2017)

Further they said… “The first rains vary a lot in November compared to the past ….the main problem in the last ten years has been with the first season….” (14/03/2017).  


These findings imply that, there were a high variability in the start and amount of precipitation from season to season and the majority of the respondents in the studied area agreed there have been some changes in the climate parameters over the past 30 years in the surveyed area.

According to DADO in Igunga said, people depended on food aid from the government and from religious missions during extreme drought periods. For instance, during the 1984 drought periods, about 200 livestock died from drought due to lack of pasture and water in Kishapu district. Many households have also been affected during drought periods over different years (Table 5.2 and 5.3). 

Table 5.2: The Impact of Drought and Hunger in Kishapu District
Memorable years	Type of disaster	Effects
1984	Drought and hunger ‘Njaa ya makopo’ Food scarcity especially maize and the only amount that one can get would be measured by container known as Makopo (in vernacular) which is equivalent to 1kg.	Death of more than 200 cattle due to lack of pastures
1994	Drought and hunger, yellow corn maize from the Government were supplied as food aid to people	Death of cattle due to lack of pastures
1995	Drought and Hunger 	Cattle died due to lack of pastures and water
1996	Drought and hunger, people got aid food aid from the government, 	Death of cattle due to lack of pastures and water
1996	Drought and hunger	10 People and more than 100 livestock died.
1997	Heavy rains, caused Floods	More than 100 houses demolished, Outbreak of cholera which killed more than 20 people, destroyed crops
2004	Drought	Increase in crop pests and diseases, scarcity of pastures, death of cattle due to lack of pastures.
2008	Drought and hunger	Cattle died due to lack of pasture
2009	Drought and hunger	Cattle died due to lack of pasture
2012	Drought	No effects
2013	Crop pests followed by hunger	No effects
2015	Drought and hunger, River Tungu dried up	Cattle died due to lack of pasture, crop pests caused food insecurity
Source: Field Survey Data, 2016


Table 5.3: The Impact of Drought and Hunger in Igunga District
	
Years	Type of disaster	Effects
1968	Floods	More than 100 cattle died due lack of grass
1986	Drought and famine	Cattle died due to lack of pasture
1985	Hunger, people got food from the government and from Roman catholic mission	Cattle died due to lack of pasture
1993	Drought and famine, people got aid food aid from the government, Catholic and Moravian missions, Exchange of cattle to food I.e. 3 tons of maize for 1 cow.	No effects
1996	Drought and hunger	10 People and more than 100 livestock died
1998	Heavy rains, caused Floods	More than 50 houses demolished
2004	Drought	No effects
2008	Drought and hunger	Cattle died due to lack of pasture
2009	Drought and hunger	Cattle died due to lack of pasture
2012	Drought	Pasture and water were affected
2013	Drought	Poor harvest, water scarcity, lack of pasture
2015	Drought and hunger, eruption of crop pests	Cattle died due to lack of pasture, poor harvest 
2016	Drought, River Mbutu is drying up in some parts during dry seasons	Crops, pasture and water were affected
Source: Field Survey Data, 2016


The farmer’s response in this, is consistent with results reported from surveys conducted at other locations in Africa., (e.g. Mertz, et al. 2009 in rural sahel, Wamsler et.al.2012 in El Salvador, Hameso, 2015 in Ethiopia) in all these studies the majority of the farmers have identified declining rainfall and increased variability in the distribution of rainfall within and across the season as major problems. The precipitation had a decreasing trend throughout the rain period. The result was also suitable with farmers’ perception in precipitation over years. This led to increase in extreme drought and shortage of water during the dry period. 

Respondents interviewed in this study understood climate variability and change as the decreases and increases in rainfall and temperature. According to DADO and the Ward Officers, as well as evidence from the focus group discussions
…… “The main problem is the unpredictable rains and droughts we get in the rain season….the distribution of rains were more reliable in the past but nowadays the rain season can end too early, this is during the last years…….temperature has been increasing since 1996….”  (FGD in Igunga, 4/03/2017).


The decreasing trend in precipitation had revealed change in seasonality that refers to farmers’ perceptions of the monthly pattern of the rains including when they should start and end. Farmers observation that have great significance is the date of onset of rainy season since selection of the optimum time to plant largely is dictated by this factor, and often good yields are realized when the crop is planted early. This had also been reported by Rao, et al. (2011) at Katumani, a semi-arid area in Kenya. FGD at Mbutu village observed that, delay onset of rainy season results in a delay in planting the crop and thereby increases the probability of the crop experiencing increased moisture during flowering and grain filling. 

The rainfall in this season supported farming activities in Kishapu and Igunga, the rains were sufficient only in supporting the crop growth and survival of livestock pasture. Results also showed that while rainfall was sufficient in the 80s, it had become less sufficient for the needs of crops, livestock and humans over time. From these results, crop and pasture failure had become common in the study area. This had also been reported by Lyimo and Kangalawe, (2010) in Shinyanga Rural District, which is also located in semi-arid areas of Tanzania.

Farmer’s perceptions to climate were generally linked to the usefulness of the rain. Impact of the rain season is what farmers valued as important: This was justified by men FGD at Kishapu as follows;
… “The first season starts late and ends early during plant growth, it is now December until March…….. I remember the weather because of the impact it had on my maize and sunflower crops when all of them dried up, like in 2013. (14/03/2017).


Another quote from one of the FGD participants at Kishapu reported: (18/03/2017)
……….. “The change of weather has caused some problems, the main problem is the unpredictable rains and droughts we get during the season, the distribution of rains were more reliable in the past but nowadays the rain season can end too early and the temperature has been increasing since 2003”


That statement showed concern of farmers’ perceptions of changes during the rain seasons in both Igunga and Kishapu. This suggests that small scale farmers’ perceptions in the study area are more likely to be shaped by the rainfall distribution, than the amount of rain received over the year given. Table 5.3, during FGDs participants from Igunga and Kishapu reported noticing changes in the characteristics of the dry and wet seasons. Normally, the dry season is characteristically hot associated with windy conditions towards the end of the season in April, and wet season has calm weather conditions with warm temperatures associated with rains. 
An elderly, respondent from Mbutu in Igunga District was quoted saying: 




That quotation justified that, less sufficient and inconsistent rainfall patterns have serious implications on decisions of farmers and agro-pastoralists regarding the cropping calendar and types of crop varieties to be adopted.

During FGDs, the drought incidences in the past were reported to occur about every after one year to seven years where the drought shows the effects on people and livestock during that particular drought. However, the study revealed that, the majority of the participants perceived that in recent years, drought conditions have become more frequent and intense especially since the 1984s in Kishapu. Discussions with the participants suggested that drought conditions in recent years occur almost in every season, or in consecutive years which result in increased crop failures and food shortages at the household level. 
An elderly, respondent from Masanga in Kishapu was quoted saying




However, the big rains were defined as the quantity of rains they deliver as well as the area they cover and the manner in which they fall. It enabled crops to withstand prolonged dry spells.
Farmers in Kishapu also mentioned the regular disappearance of indigenous tree plants and woody species that provide fodder, food, medicine and raw materials for building. These responses have also been found in other similar studies (Wezel and Lykke, 2006 in West Africa). Participants during FGDs from Mwamalasa Kishapu were quoted saying: 




The key informants commented that, Acacia albida (Local language Mihale) trees tolerate drought and can keep the area green throughout the time. Drought was so strong at the period of the field activities that most of the field crops at Igunga and Kishapu areas, withered before they had reached their flowering stage, affected by limited rainfall conditions. That saying showed concern of farmers’ perceptions regarding increased months of drought. The study clearly detected that perception of the occurrences was the same in both Igunga and Kishapu districts. 

Focus group discussions and interviews in both districts revealed that rainfall seasons have changed, where sometimes rainfall starts at the onset or in the middle of the season and ends when crops are still at the growth stage or had just started producing flowers. Late onset of rainfall in current years as well as early cessation and widening of the dry spells as shown in (Table 5.4) suggest that the length of the growing season had decreased by a month in Mbutu, Bukama in Igunga as well as Mwamalasa, Kishapu and Masanga in Kishapu district. 


Table 5. 4: 	Changes in rainfall pattern
Village	Reasons	Situation 1985	Situation in 2016
Mbutu	Onset of rainfallCessation of rainfallPeak of rainfallDry seasonWater in the rivers	October/NovemberMayNovemberJuly, August and SeptemberRiver Mbutu was flowing throughout the year	November/DecemberFebruary/March or early AprilDecember/JanuaryApril, May, June, August and SeptemberRiver Mbutu is seasonal , dry up during the dry season
Bukama	Onset of rainfallCessation of rainfallPeak of rainfallDry seasonWater in the rivers	October/NovemberMayNovemberJuly, August and SeptemberRiver Mbutu was flowing throughout the year	November/DecemberMarch or early AprilDecember/JanuaryApril, May, June, August and SeptemberRiver Mbutu is seasonal , dry up during the dry season
Kishapu	Onset of rainfallCessation of rainfallPeak of rainfallDry seasonWater in the rivers	September/OctoberApril/MayMarch/AprilJune, July and AugustRiver Nkonze and Tungu were flowing throughout the year. Kishapu dam supplied water to the villagers.	Late  November/DecemberAprilDecember/ JanuaryMay, June, July, August, September and OctoberRiver Nkonze and Tungu are seasonal nowadays, dry up during the dry season.Kishapu dam dried up for the first time 2016
Mwamalasa	Onset of rainfallCessation of rainfallPeak of rainfallDry season	October/NovemberMayApril	November/DecemberFebruary/MarchMarch
			
	Water in the rivers	River Mbutu was flowing throughout the year	River Mbutu is seasonal , dry up during the dry season
Masanga	Onset of rainfallCessation of rainfallPeak of rainfallDry seasonWater in the rivers	October/NovemberMay/JuneDecemberRiver Tungu was flowing throughout the year	November/DecemberFebruary/MarchJanuaryRiver Tungu is nowadays seasonal , dry up during the dry season
Source: Field Survey Data, 2016.
The same results in semi-arid areas were reported by Kabote, et al. (2013) in Singida, Tanzania, Moyo, et al. (2012) and Kori, et al. (2012) in South Africa. These results have negative impact on rain-fed agriculture and livestock production especially in semi-arid areas (IPCC, 2007). Key informants at Igunga justified by saying.
…. “The rain in 2013 started in November but stopped at the time of crop flowering. Although there was some little rain three weeks later, this was heavy and destroyed any surviving crops so we had a lower yield than normal….it was bad season”. 19/3/2017

During the FGDs in Kishapu farmers reported that, the planting season goes hand in hand with on-set of rainfall, in 1985s normally rains started at the end of September and the whole month of October, while in Igunga the planting season started in October/November, was considered as a planting month for maize, and sorghum as were planted in late October to mid-November. At the end of November to early December, most crops begin flowering while those planted early are getting ready for early harvest, nowadays planting starts late in November.

The results reported by the FGDs in Kishapu about changes in rainfall patterns were in line with results reported by one of the key informants in Igunga District. This can be summarized as follows: 
…………….” Nowadays we are facing excessive drought because the dry spell of February had increased from three weeks in the 1985s to more than a month in our village. The major problem is insufficient rainfall … initially rainfall may begin well and stops earlier than expected…this has led to poor harvest …meanwhile…hunger has increasingly become common and my household sometimes gets food aid from the government to feed the family, with exception of the households who own livestock that they are better off because they can sell their animal stocks and purchase food stuff for their families...’  (20/03/2017).
That expression showed concern of farmers’ perceptions regarding increased period of dry spell in February during plant growth. One of the men FGD participants at  Kishapu reported:“...Drought has become serious especially in the month of October...sorghum and sunflower, which are drought resistant crops, are now frequently failing due to drought.....” (FGD participant, Kishapu, 6/3/2017).

The study clearly noted that perception of the concern was the same in both Igunga and Kishapu districts. During FGDs the farmers talk about ponds and streams that have dried up and discuss having to dig much deeper wells than in the past, particularly rivers such as river Nkonze and Mbutu in Kishapu and Igunga respectively had increasingly become seasonal compared to the situation in the 1984s due to increased warming, which in turn increased evaporation from water sources. 

Notably, most of the participants perceived that the areas have experienced a steadily decline in the amount of water in their traditional rivers and streams over the past 2 years, the perennial rivers and streams have become seasonal, and others have dried out altogether. From that point, rise in temperature and declines in rainfall increased rainfall variability. However, water sources had dried up and thus adversely affecting small scale farmers and agro-pastoralists whose livelihoods largely depend on rain-fed agriculture. Rainfall and temperature variability was similarly reported by McSweeney, (2011) and Rowhani, et al. (2011) at the national level in Tanzania.
5.7.1	Small-Scale Farmers Perceptions on Climate Variability And Change at Kishapu and Igunga
There is generally good agreement between respondents in Table 5.5 and 5.6, particularly regarding change in rainfall and temperature compared to the situation in the past 10 to 30 years. The tables show the understanding of small scale farmers on climate variability in Igunga and Kishapu. 







Source: Field Survey Data, 2016.
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Source: Field Survey Data, 2016.

The study assumed that having positive or negative understanding of the meaning of climate variability and change may influence respondents’ adaptation to climate variability and change. Essentially the two districts scored the highest, about 98.6% and 91.9% of the respondents in Kishapu and Igunga respectively stated that rains started late, as well as 97.2% and 93.0% stated that they had observed increase regarding surface temperature in Kishapu and Igunga respectively. This implies that the decrease in rainfall and increase in temperature together with the changes of the onset and end of rainfall season are frequently occurring events in the study area and hence mentioned by most of respondents as the meaning of climate variability and change. To justify this, one of the FGD participants in Mwamalasa summarized his views by saying:
…..” Late onset of rainfall, early cessation and prolonged time of the February dry spell had shortened crop growing period …,” 

On the other hand, very few (1.9% and 1.8%) of respondents had mentioned there is no change in onset of rainfall. This situation may contribute for the small scale farmers cultivate early maturing crops as the strategy to adapt from Igunga and Kishapu Districts to to climate variability and change. 

Similar results were reported by Mongi et al. (2010) in Tabora. Different empirical studies indicated farmers’ perception about climate change. A study conducted by Acquah de Graft, (2011) in Ghana, pointed out that 60% of the farmers reported that there has been a noticeable increase in temperature and 49% reported a decrease in rainfall. This may indicate that there are the same perceptions of when the normal rainfall starts and end, however, drought caused by prolonged high temperature was also perceived to have increased over the past 30 years and scored highest in both districts.

The study shows that households understood the signs of climate variability and changes as increase in drought, increased temperatures, decline in rainfall, loss of crops, decrease in water, increase in pests and shorter planting and growing seasons which had the highest responses from the majority of the respondents; increase in rainfall, animal diseases and death of livestock had the lowest which are highly associated with changes in the climate. This was justified by FGD participants at Mwamalasa that reported the following:
“…the rainfall situation has changed a lot, to date drought and crop failures have become part of our life, and many years have passed now since we had sufficient harvest…we struggle very hard working to earn money for purchasing of improved seeds and pay for ox-plough for farm preparations and as soon as it rains we plant, and do weeding early enough but to our surprise there is no further rain after planting and weeding…crops survive under limited moisture conditions while others wilt and die due to prolonged variations in rain days and increase in drought…”  (5/03/2017)

Another elderly respondent from Masanga village was quoted saying that:
“…nowadays agriculture is no longer a certain activity that one can depend on for food and livelihood as it was in the past years…” (6/03/2017).


5.7.2	Small Scale Farmers’ Perceptions on Temperature as a Sign of Climate Variability and Change
The statistical record of the temperature from 1985 to 2016 showed an increasing trend of temperature. The trend in the maximum temperature shows a clear increase. Linear rise in temperatures is another sign of climate variability and change as reported by the majority of the respondents.  The score of 77% and 71.9% of Kishapu and Igunga respectively, indicated that small scale farmers had perceived high temperature as climate variability and change. However, there is a notable difference in perceptions of respondents on climate variability and change.

However, many respondents shared the views that in recent years they have noticed an increase in the intensity of sunshine which influences the surface temperature in their localities, in both the Igunga and Kishapu districts. During FGDs in Kishapu, farmer’s perception on daily temperature said that it has increased which also leads to an increase in the evening temperatures. Notably, respondents’ perceptions on temperature seem to be supported by the meteorological data for Kishapu and Igunga regions which show that the annual mean maximum temperatures have been increasing steadily since 1985 to 2016, with fluctuations. However, the study revealed that rising temperatures have resulted in the study areas experiencing food shortage, due to crop failure and low crop productivity. This was justified by key informants at Bukama that reported the following;
…” there is more drought due to prolonged high temperature which leads to the drying of wells, which was not the case before……” (15/03/2017)

Similar results were also reported in Tanzania and East Africa in general by (Mary and Majule, 2009, Kangalawe, 2012; Munishi, et al. 2010; Jury and Mpeta, 2005), and also different climatic models suggest that climate change will result in increases in temperature in the African continent (Hulme et al. 2001; IPCC, 2001).

Respondent from Masanga village from Kishapu district was quoted saying that: (22/03/2017).
“…nowadays the temperature of the sun has increased to the extent that early in morning the sun is strong and hurts like that of the afternoon and mid-day…” (13/03/2016).


Respondent from Mbutu village in Igunga was quoted during FGDs saying that: 
“…This year (2016), days and nights are very hot that I even do not care to use a bed covering to cover myself during the night, I leave the windows open at night to allow the air to cool my room…”

However, the majority of the respondents during focus group discussions and household interviews in the both districts perceived that temperatures have increased than in the past. This had also been reported by Climate System analysis group (2015) in South Africa. Respondents’ perceptions on temperature seem to be supported by the meteorological data for Kishapu and Igunga districts which show that he maximum temperatures have been increasing steadily since 1985 to 2016, however, with fluctuations.

5.7.3 	Perceptions of Small Scale Farmers on Decline and Drying-Up of Water Sources
The household survey data explicitly showed that about 68% and 71.4% of the respondents in Kishapu and Igunga respectively mentioned a decline in water as one among of the experienced impacts of climate variability and change. Climate variability and change adversely affects the availability of water resources in the study areas. Remarkably, FGDs in Kishapu District, mentioned the two types of water sources in the study villages; water from well and rivers. Also reported that, water levels in these sources drop during the dry season (August-September) every year, creating a serious water shortage, for both human and livestock (Figure 5.1). 

Figure 5.1: Cows Drinking Water in an Excavated Water Ditch during the Dry Season 
Source: Photo credit: Peter Matata, (2017)
This can be interpreted that in the study areas, were more at risk of being affected by climate variability and change due to prolonged drought. FGDs also reported that some of the Mbutu dwellers in Igunga district now walked for more than 8 km or more to collect water while others bought water from vendors which cost one bucket of water for five hundred Tanzania shillings.

This is supported by Kabote, et al. (2013) who associated decreasing meteorological rainfall trend in April with early cessation of rainfall in Meatu and Iramba districts. An elderly respondent from Kishapu reported that:
……. “The area has experienced a steadily decline in the amount of water in the local rivers over the past 10 years. They attribute this to rises in temperature and declines in rainfall, and increased rainfall variability…..” (5/03/2017).


 In Bukama, participants reported that most of the rivers flowing from the source have become seasonal, as they now only flow during and shortly after the rainy season.

Participants during FGDs in Kishapu revealed that there was water shortages for human consumption and livestock, women and girls walk very long distance of more than 5km every day in search of water and domestic use. However, in the study areas, there was no irrigation system; hence increasing drought seriously impacts on agricultural production. This was justified also by one participants at Mbutu that reported the following;
…………. “In 2016 during drought conditions, pastoralists come into conflict with food crop farmers. With disappearing drying up of rivers, communities are obliged to walk long distances from their own communities in search for water…..” (15/3/2017).
This had also been reported by Okello et al. (2014) in his study Nigeria that between the Fulani cattle rearers and the farming communities competing over grazing land and access to water bodies had led to the deaths of several farmers and pastoralists in the region.

5.7.4 	Perceptions of Small Scale Farmers on Pests and Crop Diseases 
Table 5.7 and 5.8 in Igunga and Kishapu respectively, presents farmers’ opinions about impacts of drought on pests and diseases and their consequences in perception scores of about 82% and 79% of the participants associated climate change with the increase in temperature and decrease in rainfall. The score had a higher proportion of responses from Igunga than in Kishapu. 

Table 5.7: Small Scale Farmers’ Perceptions on Climate Variability and Change Over the past 30 years by Igunga 
Statement	Strongly agree	Agree	  Not sure	Disagree	Strongly disagree	Score	 Score as % of the max
Rainfall seems to be less	42	58	0	0	0	442	73
Drought period seems to be longer	66	34	0	0	0	466	77
Average  temperature seems to be higher	18	75	5		1	407	67
Rainfall seems to be more variable	11	76	5	3	1	381	63
Decrease and drying of water	16	80	1	3	0	409	68
Weather seems to be unpredictable	28	64	1	7	0	413	68
Length of growing period seems to be  longer	1	28	26	45	0	285	47
Loss of crops seem to be higher	9	87	1	3	0	402	66
Fodder seems to be less	16	63	12	8	1	384	63
Growing season seems to be shorter	7	75	4	15	0	377	62
Crop pests and diseases have increased	11	82	4	3	0	401	66
Livestock diseases have increased	5	77	15	3	0	384	63
Death of livestock have increased	2	60	21	18	0	349	58
Rainfall  seems to have increased	3	8	10	44	35	200	33
Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1			
N=121							
Maximum score=121x5=605							
Source: Field Survey Data, 2016


Table 5.8: Small Scale Farmers’ Perceptions on Climate Variability and Change over the past 30 years by Kishapu
	Strongly agree	Agree	Not sure	Disagree	Strongly disagree	Score	Score as % of the max
1.   Rainfall seems to be less 	60	50	0	0	0	500	84
2.   Drought period seems to be longer 	57	43	0	0	0	457	77.8
3.   Average  temperature seems to be higher	28	72	0	0	0	428	71.9
4.   Rainfall seems to be more variable 	17	82	0	0	0	413	69.4
5.   Decrease and drying of water 	25	75	0	0	0	425	71.4
6.   Weather seems to be unpredictable 	28	70	3	0	1	423	71
7.   Length of growing period seems to longer 	2	14	4	77	0	232	38.9
8.   Loss of crops seem to be higher 	16	84	0	0	0	416	69.9
9.   Fodder seems to be less 	13	49	19	19	0	356	59.8
10. Growing season seems to be shorter 	13	70	17	0	0	396	66.5
11. Crop pests and diseases have increased 	8	79	4	9	0	386	64.8
12. Livestock diseases have increased 	0	50	36	14	0	336	56.4
13. Death of livestock have increased 	2	49	37	12	0	341	57.3
14. Rainfall  seems to have increased 	0	5	0	90	5	205	34.4
Source: Field Survey Data, 2016.Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1		
N=119							
Maximum score=119x5=595							
Source: Field Survey Data, 2016


During FGDs crop pests and diseases were reported, that they were highly associated with changes in climate. In Igunga, and Kishapu the common pests managed reported include bollworm, shootfly, Aphids, leaf miner and beetle. The common diseases reported include powdery mildew, early bright, leaf spot and smut. This finding agrees with other research findings such as Collier, et al. (2008), Boko, et al. (2007) and Githeko, et al. (2000), which suggest that warm and humid conditions associated with climate change will provide favorable conditions for the survival and proliferation of agricultural pests, weed, fungi and pathogens which will cause more damage to agricultural crops causing food insecurity. The FDGs in Igunga revealed that there has been an increase in the population of pests, crop diseases, compared to the past 30 years. They associated the increase with the declining amount of rainfall, as higher rainfall was believed to cause more deaths of the pest and insect populations. Igunga farm observations and field walks revealed that many of the crops had been attacked by insects (Figure 5.2).

Figure 5.2:  A Cowpea Plant Affected By Beetle 
Source: Photo credit: Peter Matata, (2017)


However, a few farmers who were met in the fields applying insecticides, said that the majority of farmers did not apply agrochemicals because they were expensive and shops were located far away from the village which required one to travel. The key informant commented that, the high price of pesticides and travelling cost increases the cost of applying agrochemical and hence was avoided by the majority of farmers who resorted of not applying any chemicals. Berg, et al. (2011) also observed increased crop insect pests and diseases pests in Sweden as a consequence of climate change. Similar results were reported by Afifi, et al., (2014) in northern Tanzania suggesting that drought had become a serious risk in Tanzania. Discussion with key informant said that there has been an increase in the population of crop pests and diseases, compared to the past 10 years ago.

Key informants also reported, lack of alternatives of different of grasses for pests to feed on, confined them to agricultural crops only. Field observations showed that American bollworm was a problem in Igunga, as most of the farm fields observed showed cotton attacked by bollworm. In the Kishapu, FGDs reported crop failure in many seasons that could be due to an increase in the population of pests. However, they reported the presence of common pests, such as stemborers, stalk bores, aphids, bollworms and beetles.

Also, during FGDs, participants from Kishapu confirmed that weather conditions were not predictable as the application of agrochemicals could only be effective when applied under moderate rainfall and moisture or the presence of dew conditions. An elderly participant at Bukama justified by reporting that:
……...”the intensified by weather conditions that are dry and hot with little hope of rain are not good for pesticides application…..” In addition, it appeared that in the past farmers applied cotton pesticides to the crops, as these were provided under subsidized price conditions. In Igunga, on the other hand, market failure of cotton in the area, caused by the low price of the crop and withdrawal of the subsidies and dissolution of the farmers’ cooperative unions (Nyanza cooperative Union), farmers no longer received these pesticides to use on crops. 25/3/2017.

5.7.5 	Farmers’ Perception on Weather Variability and Unpredictability
A comparison of responses of small scale farmers’ perception  showed that 70% and 64% of respondents in Kishapu and Igunga experienced weather changes, variability and unpredictability as an influence of climate variability and change, the argument that weather conditions were no longer as predictable as they used to be in the past 30 years. To stress this, the FGD participants in Masanga summarized his views by saying:
 “…nowadays each season starts at a different time and farmers and agro-pastoralist have to adapt. No one can predict, or expect what happened in the previous years, to occur in the following season…” 15/3/2017)

However, there is a notable difference in perceptions of respondents in Kishapu and Igunga on weather climate variability and change that has led to an increase in the frequency of droughts. Literature also reports the same about variability and unpredictability of the weather in Tanzania and Ehiopia (Swai, et al. 2012a; Legesse, et al. 2013; Juana, et al. 2013). During FGD one participant from Bukama said, the past experience has ceased to be a good guide for both present and future conditions. They revealed nowadays they depend on information received via radio and television as well as on traditional weather predictions and signs. However, during FGDs participants from Bukama and Masanga villages reported that neither of the techniques on weather predictions was helpful. 

For example, it was revealed that reliance on forecasts of high rainfall led farmers to invest in agriculture by cultivating many acres, but the season ended by receiving below average rainfall, causing wide-spread crop failures and low yields. Similarly, the local weather forecasts such using indicators such as tree sprouting, bird chirping and changes in animal and insect behaviors do not work out nowadays. Discussions revealed that most of the local environmental weather sign tended to occur at their normal time, but the rain would not start, or would commence with heavy, normal to very little rain and disappear. However, those with such knowledge reported that by seeing those signs they would nonetheless prepare their farms despite the risks. Due to weather uncertainties and unpredictability about the commencement and ending of rain in different seasons, some farmers now avoid preparing their farms in advance, but wait and immediately it rains they plant on uncultivated farm plots.

The changes in weather conditions limit the knowledge and ability of the farmers in understanding their local climate behavior, and instead they depend on natural conditions to control their farm management. For instance, farmers now just stay and wait until it rains and then they start planting, while in the past they planted some few days before the commencement of the rain. The changes have resulted in increased food shortages caused by crop failures of staple and non-staple crops, as well as cash crops such as cotton and sunflower. Similar results of changes in seasonal behavior have been reported in other studies conducted in the southern part of Tanzania (Kangalawe, 2012). The similarities in perceptions is attributed by the fact that both Igunga and Kishapu Districts are entirely depending on rain fed agriculture. 

5.7.6 	Responses on Perception on Livestock Deaths And Diseases
In comparison of the findings on small scale farmers’ perceptions showed that 49%, and 60% from Kishapu and Igunga respectively, they mentioned livestock deaths as an experienced impact of climate variability and change. On the other hand, about 12% and 18% of the respondents who were interviewed reported that climate variability and change did not cause death and diseases to livestock. FGD participants at Bukama justified by reporting that the frequent occurrence of drought conditions in recent years had caused more livestock deaths in Igunga , due to the insufficient and low quality of fodder, making livestock highly vulnerable to diseases which accelerate more livestock deaths. 

Participants reported that such conditions have resulted in the majority of the livestock keepers in Igunga reducing their stocks to a manageable size, while others have reallocated their herds to other areas outside the district. However, the study revealed that livestock deaths associated with droughts were less to occur in the Kishapu District, the district was nonetheless reported to be experiencing fodder shortages due to an increase in drought conditions. Rademacher-Schulz et al. (2014) indicated decrease in herds of livestock due to deaths caused by diseases associated by drought.  Similar results in death of livestock due to reduced availability of pasture and water was also reported by Maluleke and Mokwena, (2017) in province of Limpopo South Africa.  

Many cases of livestock deaths were highly associated with drought conditions in both district due to fodder and water shortages.  During FGDs in Kishapu, respondents reported to manage fodder shortages by growing pasture (Ngitiri) on their farms and also by collecting fodder from their farms (crop residues). However, the study revealed that not only prolonged drought conditions and rainfall variability caused fodder shortages in both districts, but also increases in the number of livestock, as livestock keeping has become a very important economic activity, thus intensifying competition for fodder among Igunga farmers as well as Kishapu dwellers who also collect fodder from their farms. This finding on the shortage of pasture and reallocation of livestock as the result of frequent occurrence of drought conditions has also been echoed in the literature on the impacts of climate change in Tanzania. Based on these results, crop and pasture failure had become common in the study area, Lyimo and Kangalawe, (2010) reported similar results in Shinyanga Rural District, which is also located in semi-arid areas of Tanzania.

Additionally, during FGDs in Igunga and Kishapu it was reported that Livestock diseases were associated with impacts of climate variability and change. Also, the majority from the Kishapu, reported an increase of livestock diseases such as tick-borne diseases causing East Coast Fever and Barbesiosis than in the past. An interview with District Agricultural and Livestock Officer (DADO) in Kishapu said, although there was no statistical evidence to prove such claims, he suggested that such cases have been reported to occur in the area but there was no direct link to climate variability and change. Still, according to him, many of the livestock diseases are treated when the cases are reported in a timely manner. Further, many of the agro-pastoralists cannot afford veterinary services due to limited funds, and also some of the cases were not reported early enough.

5.7.7 	People’s Perception on Temperature and Rainfall Trends Based on Meteorological Data 
Farmers ‘perceptions of climate variability and change, we look how climate data recorded at meteorological stations evolves (trends and variability) and how farmers perceived these changes. Tests were undertaken for linear trend in annual means and seasonal means of temperature, and total annual and seasonal rainfall both at Igunga and Kishapu district. Participants reported noticing changes in temperature and rainfall seasons.  The findings in this study also showed higher standard deviations implying that rainfall patterns were inconsistent in each month during crop growing seasons. It can also be interpreted that some months received much rains while others received very low rains. 

Local perceptions by farmers with respect to changes in temperature as well as increasing rainfall variability are closed related to empirical analysis of rainfall and temperature trends using the data obtained from meteorological stations. This had also been reported by (Chakufwa, et al. 2016) in Malawi. Analysis of the trend of rainfall data indicated that annual rainfall decreased from 1985 to 2016, more marked decrease being from 1987 onwards. The statements under similar climatic conditions are in wide agreement with those reported by Yanda, et al. (2008) and Majule, et al. (2008).  Generally, in the past, rainfall in Igunga and Kishapu used to disappear in April as reported during FGDs; currently this is not the case. This situation can increase water scarcity resulting into crop failure and poor pasture development.

However, what can be noted is that the area might be receiving the same amounts of rain but there are changes in distribution and therefore leading to floods and/or droughts, also shows heavy rainfall of El-Niño in 1997. However, although meteorological data results on rainfall patterns and decreasing amount of rainfall in some months confirmed people’s perception in the study area, contrasting results were reported in Ethiopia whereby meteorological results did not confirm rainfall decreasing trends. In this case, people’s perception was affected by environmental degradation, decrease in soil fertility, and increased demand for staple food due to population increase (Michael, 2014). 

The analysis of annual average temperature over a period of 30 years 1985-2016 showed an increase on average annual temperature during growing season from 24.0oC (November) to 33.6oC (December) for both Igunga and Kishapu. Such a change is not surprising but it validates that global warming can be revealed even at local scales. Kabote et al., (2013) showed that the average annual temperature in Singida and Shinyanga increased from 27.5°C to 30.6°C respectively between 1994 and 2011. Farmers’ perception showed increasing temperature as well as meteorological data trends also showed a clear trend in increase in temperature, but people’s perception of temperature increase in the study areas can be due to prolonged and excessive drought and dry spells as reported during FGDs.  The FGDs was supported by Mongi, et al. (2010) reported increase in temperature trend which caused excessive drought in Uyui District.

This can be explained that temperature may not be too high, Fischer, et al. (2002) reported that changes in rainfall amount and patterns, in addition to shifts in thermal regimes, influence local seasonal and annual water balances. These in turn affect the distribution of periods during which temperature and moisture conditions permit agricultural crop production. Increase in average temperature will adversely affect crops, especially in semi-arid regions, where already heat is a limiting factor of production (IPCC, 2007). Increased temperature also increases evaporation rates of soil and water bodies as well as evapo-transpiration rate of plants, and increase chances of severe drought. It means that with warmer temperatures plants require more water. Hence, the meteorological record agrees Igunga and Kishapu farmers’ perception that rains are less frequent for those areas. Other studies of Sahelian rainfall also support the observation that dry years are those with less rains’’ (Lebel, et. al. 2003 in West Africa, West, et.al. 2008 in Central Plateau of Burkina Faso).

5.4 Chapter Summary
This chapter examined people’s perception from Igunga and Kishapu districts in order to broaden understanding of climate variability and change. The influence and causes of climate variability and change have been a cause of controversy and debate for many years in many parts of developing countries. Small scale farmers’ perceptions vary about the effects and causes of climate variability and change. Specifically, the study: (i) assessed people’s perception of climate variability and change compared to meteorological data trends. Towards knowledge and attitudes, data on climate variability and change among people were gathered using semi-structured interview and Focus Group Discussions (FGDs). 

A total of 240 respondents were interviewed in the study area. The data were analysed using descriptive statistics and Likert scale. The results revealed that 98.6% and 91.9% of farmers interviewed perceived increased temperature in Kishapu and Igunga districts respectively. With regards to rainfall, 97.2% and 93% of farmers perceived a decrease in rainfall in Kishapu and Igunga, in that order. Crop growing period had decreased for more than one month in both Kishapu and Igunga districts. Farmers’ perceptions were confirmed by the evidence from rainfall and temperature data obtained from national weather stations, which showed that temperature and rainfall in the study area had become more variable over the past two decades. 

















ADAPTATION STRATEGIES TO CLIMATE VARIABILITY AND CHANGE
6.1 Introduction
This chapter presents the analysis and discussion of the findings on adaptation strategies to climate variability and change of Small scale farmers’. Farmers in Igunga and Kishapu Districts, they have developed strategies to lessen the impacts arising from weather variability in different seasons of the year. The chapter will examine the extent to which the adaptation strategies opted for by farmers’ offer a pathway to improved living conditions by ensuring agricultural production is improved to the households. The chapter is organised as follows: Small scale farmers’ adaptation strategies to climate variability and change and Multinomial logistic regression outputs of being adapt to climate variability and change, and summary.

6.2 Adaptation Strategies to Climate Variability and Change Used by Small-Scale Farmers
6.2.1 	Changes in Planting Dates
The household’s survey data presented in Tables 6.1 and 6.2; A comparison between the two districts on adaptation strategies showed that 72% and 90.7% of the responses of farmers who owned farms had changed their planting dates in Igunga and Kishapu districts, respectively. This change was attributed to the change on the onset of rainfall and its intensity. This suggests the need for the study and erection of an appropriate planting calendar for various types of crops that would play a crucial role in adaptation of climate change. 
During FGDs in both Masanga and Mwamalasa villages revealed that planting days have become very short due to declining rainfall duration associated with prolonged rainfall variability and increases in temperature. Most of the participants accounted that most rainy seasons no longer follow known trends from the past, hence affecting the normal routine of the planting seasons, making crops survive under limited soil moisture and heat stress conditions leading to poor harvest.

Table 6. 1: Adaptation Strategies by Igunga Farmers	
Statement	Strongly agree	Agree	  Not sure	  Disagree	 Strongly disagree	  Score	Score as % of the max
You have changed planting dates now	33	66	0	2	0	433	72
You practice  mixed  cropping  more  than  past decades	0	28	0	69	3	253	42
You grow  more  improved  maize  varieties  now than past decades	5	92	3	0	0	402	66
You cultivate fewer plots now than in past decades	40	60	0	4	2	448	74
You grow more drought-resilient crops now than in past decades	5	92	3	0	0	402	66
You depend more on remittances now than in past decades	0	5	2	93	0	162	27
You cultivate more crops other than maize and beans now than in past decades	20	12	0	18	20	206	34
You depend more on non-farm activities now than in past decades	0	51	0	49	0	302	50
You keep more livestock now than in past decades	0	15	0	78	5	221	37
You  use  more  industrial  pesticides now than in past decades	0	33	0	66	2	266	44
You use more manure now	0	42	0	58	0	284	47
You use ox-plough more now	5	82	2	11	0	389	64
You use more factory fertilizer now	0	10	0	89	0	218	36
Source: Field Survey Data, 2016.Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1					
n=119							




Table 6. 2: Adaptation Strategies by Kishapu Farmers
Statement	Strongly agree	Agree	Not sure	Disagree	Strongly disagree	Score	Score as % of the max
You have changed planting dates now	57	42	2	0	0	549	90.7
You practice  mixed  cropping  more  than  past decades	38	48	8	5	1	425	70.2
You grow  more  improved  maize  varieties  now than past decades	32	64	3	2	0	429	70.9
You cultivate fewer plots now than in past decades	33	55	0	8	4	405	66.9
You grow more drought-resilient crops now than in past decades	30	65	2	3	0	422	69.8
You depend more on remittances now than in past decades	2	18	0	60	20	222	36.7
You cultivate more crops other than maize and beans now than in past decades	0	51	0	49	0	302	49.9
You depend more on non-farm activities now than in past decades	0	48	2	44	7	293	48.4
You keep more livestock now than in past decades	0	16	0	75	9	214	35.4
You  use  more  industrial  pesticides now than in past decades	13	55	2	28	2	349	57.7
You use more manure now	0	53	0	46	2	179	29.6
You use ox-plough more now	0	44	2	32	23	156	57.8
You use more factory fertilizer now	0	15	2	77	5	225	37.2




Erection of an appropriate planting calendar plays a crucial role in adaptation to climate change (Kangalawe and Lyimo, 2013). One of the participants during focus group discussions in the Mwamalasa village in Kishapu district remarked:
………. “nowadays for a successful harvest, planting should be done at the immediate onset of the rain in November and December…”  (17/03/2016)

In addition, the participant explained further that with variable rainfall concentrated within a short period of time, planting early when the soil is still wet helps crops to survive and to tolerate drought conditions until further rains arrive. Uncertainties in the planting calendar due to climate variability and change is also reported by Kabote, et al. (2013) in Meatu and Iramba other semi-arid areas in Tanzania. This signifies that changes in the agricultural production are inevitable in order to cope with the changing rainfall patterns. However, this was reported to be successful only if drought tolerant crops are planted.

In addition, another participant from Bukama village in Igunga District reported that: 
……………. “nowadays, the first rain is an indicator for the start of the season and the majority of us start field preparation ready for planting at that time, while a few others sow their seeds to exploit early rains and benefit from the earlier harvest….”  (18/03/2017).

Consequently, adjustment for appropriate planting calendar for agricultural production was found to be an important adaptation option applied in the study areas. A similar finding was also reported by Smit and Skinner, (2002) in his research on adaptation options in agriculture in Canada. Notably, farmers in focus group discussions further explained that because most crop production depended on rain-fed, there was no irrigation system in the field. Thus, adjusting planting calendar to take full advantages of moisture of soil before rainy season as well as finishing and associating changes in temperature and moisture was an important adaptation option for both farmers and pastoralists. This adaptation option is similar to the findings of the adaptation study in farms and agro-pastoral areas of Ethiopia (Riché, et al. 2009, Mengistu, 2011).

Further,  participants in FGDs reported that early planting is no longer feasible due to irregular and unpredictable rainfall, as early planted maize dry up and wither due to drought, while others are eaten by pests like stalk borers. Similar results were also reported by Mongi, et al. (2010) at Uyui District in Tabora Tanzania; Mathugama and Peiris, (2011) in India; Moyo, et al. (2012) and Kori, et al. (2012 in semi-arid areas of Zimbabwe and South Africa respectively. These results have negative impact on rain-fed agriculture and livestock production (Rowhani, et al. 2011), especially in semi-arid areas (IPCC, 2007).

Another participant in the focus group discussions in Kishapu commented on staggering planting dates and said that,
………”the shortened growing season limits the staggering of planting dates and in certain instances has forced farmers to abandon their plots in Kishapu District due to withering of crops.”  (17/03/2017).

To avoid crop production risks due to rainfall variability and drought staggered planting is very common to most farmers to reduce the impacts of crop damage from extreme weather events, outbreak of crop diseases and insect pests. This minimizes the chances of having no harvest within the season because crops are planted at different times and in separate plots. Similar results were also reported by Mpandeli, (2006), Whitmore, (2000) in the Netherlands. 

A shortened growing season and limited staggering dates increases the risks of crop failure and damage from insect pests, diseases and extreme weather events, leading to food insecurity in the households. Adjustment to the erected seasonal calendar aimed at reducing negative effects of drought on crop production before the advent of drought, and its application was guided by the District Agricultural and Livestock Development Officer. Changes in the on-set of rainfall are believed to be contributing to the loss of most of the local maize and cowpea species.
6.2.2 	Mixed Cropping As An Agricultural Adaptation Strategy
Adaptation strategy to climate variability employed by the majority of the farmers in Kishapu and Igunga districts is the mixed cropping. The measure scored higher in Kishapu District and lowers in Igunga by having farmers who owned farm plots with mixed crops being 70% and 42% respectively, because Kishapu is impacted more by climate variability and change than Igunga.  Farmers grow simultaneously selected varieties of crops on the same farm plot at different times, hence maximizing production from the single farm plots (Fig.6.1). They ensure that the crops planted together do not compete with each other for physical space, nutrients, soil moisture and sunlight, but grow together for mutual benefit (Mugendi, 2013). 

Figure 6.1: 	Mixing Cropping Of Maize and Pigeon Pea in Kishapu 
Source: Photo Credit: Peter Matata, (2017)

The key informants said, some crops provide shade, shield crops against wind effects and rainfall damage, and improve soil nutrients/fertility (compost mulches form foliage and nitrogen fixation plants), hence increasing crop productivity through maximizing of scarce resources. The observations from these findings are consistent with the literature in agroforestry studies. Mix-cropping helps to cushion small scale farmers against environmental extremes by creating microclimate conditions by providing shade and shelter and acting as alternative sources of feed for livestock during periods of drought ( Beedy, et al. (2010).

This was justified by FGD participants at Mwamalasa that reported the following:
“…the growing of Sorghum and cowpea together (which is common for the majority of the farmers in the study area) helps to increase soil nutrients…” 22/03/2017.


This finding is similar to other studies which suggest that the growing of leguminous plants together with cereal crops helps to mitigate soil degradation (Sileshi, et. al., 2011), as they add organic matter and nitrogen to the soil (Akinnifesi, et al. 2007; Beedy, et al. 2010; Mafongoya, et  al. 2006). 

The mixed cropping frequently mentioned by respondents was: Sorghum, simsim, pigeon pea, cowpea and maize. During probing it was also be noted that farmers associate these practices with a concern for preserving food and nutritional security of the household. Farmers are seeking to increase the chances of guaranteeing a minimum of products after harvesting. “If one crop fails, the other can succeed,” said the respondents from Mwamalasa in Kishapu. As opposed to monoculture cropping, mixed cropping benefits rural farmers in various ways; such as balancing soil nutrients’ input and output, lowering the rate of weed growth, minimizing the damaging effect of insect pests and crop diseases and resisting climate extremes (Kiær, et al. 2009). This is supported by the explanation by key informant in Kishapu District:
 “…Mixed cropping helps in the management of pests because as insects target specific crops’ leaves and/or flowers, the presence of many other crops confuses them, which make it difficult for the insects to identify the preferred crop. This allows crop to grow to maturity with minimum damage from insect pests…” 25/03/2017

The evidence gathered through farm focus group discussions at Masanga village in Kishapu District, revealed that mixed cropping techniques were influenced by households’ preferences for crops as well as location which made crop mixing vary from one farm plot to another. Further, during FGDs in Mwamalasa in Kishapu District farmers said, each plot had at least two or more crops grown together. For instance, in Mwamalasa village, besides maize, sorghum and cowpea were the major crops grown in the field; farmers also grew green gram, sweet potatoes, simsim and sunflowers. 

In Bukama village, Igunga District farmers also practiced mixed cropping and grew together, sorghum, green gram, cowpeas, sunflowers and cotton. Discussions with DADO of Igunga revealed that to some extent farmers in Igunga practice monoculture due to rainfall variability, as sorghum is sown first before other crops and after its germination other crops (green grams and cowpeas) are sown. These findings imply that a prolonged rain break after the first rains discourages farmers from growing other crops after sorghum. 

6.2.3 	Growing of Improved Crop Varieties as an Adaptation Strategy to Small Scale Farmers
Following the household survey data clearly agreed that 92% and 64% of the household in Igunga and Kishapu respectively adopted improved maize varieties that could be harvested within a short growing time. On the other hand, about 2% of the respondents in Kishapu had reported not getting any maize improved variety. During household interviews and focus group discussions, participants were asked about the types of crops they produced. The study results show that different types of crops are grown in the studied districts. The respondents were also asked to indicate whether there are crops that had been abandoned. Respondents in Igunga indicated that they had abandoned beans because they are more sensitive to variability in annual precipitation and temperature. 

In Kishapu District it was also reported that indigenous maize varieties have been abandoned because they were more severely impacted by drought than others and opted to new improved varieties. This went hand in hand with declining interest in maize because of being sensitive to drought. A similar observation was also reported by Kabote, et al. (2013) in Iramba and Meatu that some crops were abandoned because of being sensitive to drought. On top of that, bulrush millet had disappeared in Bukama and Mbutu because it is less preferred by the Nyaturu relative to the Sukuma people, and also due to bird infestation in Igunga. However, cultivation of drought and pest resistant crops varieties is one of the local adaptation strategies to the impacts of climate variability and change, especially those associated with unreliable and unpredictable rains. 

Results from FGDs from both Igunga and Kishapu showed that climate variability, such as increase in temperature and rainfall variability is associated with occasional and severe drought conditions which forced farmers to cultivate improved and short maturing crop varieties and abandoning some of their local maize species. This was justified by men FGD at Mwamalasa as follows:
……”farmers to accept and grow a given type of maize variety, the type must meet and satisfy their expectations, including yields as well as taste (flavour)…..” (18/03/2017).


During interviews with key informants in the selected villages of Kishapu District it was reported that if everyone would grow improved maize varieties, this would reduce food shortages in the village which could also reduce the price of maize and sorghum in the market.

Figure 6.2: 	High Yielding and drought Tolerant Sorghum (Masia variety) in Kishapu 
Souce: Photo credit: Peter Matata, (2017)

This is supported by Mongi, et al. (2013) in his study at Uyui District in increase of temperature and rainfall variability which forced to cultivate improved varieties. Suggestions from focus group discussions at Bukama suggested that farmers in the study area are leaving behind the business as usual of growing local crop species, which was common and successful in the past due to reliable rainfall patterns. However, it was noted during FGDs in Kishapu, one of the participants reported that current changes in temperature now favor the growing of sorghum variety known as Masia, which was not the case in the past decade (Fig.6.2)

The quick maturing, drought resistant seeds, and other composite varieties are replacing the local species. In Table 6.3 the results show that adopting the new sorghum variety (Masia) was prominent in both Igunga and Kishapu.









Source: Field Survey Data, 2016

The study identified that about 90.9% and 81.3% of the respondents are growing of improved sorghum varieties (Masia) in Kishapu and Igunga respectively.

Results from farmers’ group discussion and In-depth interview in Igunga and Kishapu show that, four crops were found to be dominant in the area. Cotton was cultivated extensively as a cash crop in both districts, followed by maize. However, it was noted that (Table 6.4) about 37%, 25%, 21% in Kishapu and 36%, 37%, 16% and 11% in Igunga farmers were growing improved crop varieties of cotton, maize and sunflower. Notably, adoption of improved crop varieties was higher in maize and cotton relative to other crops in the study areas.

Table 6.4: 	Improved Crop Varieties Grown in the Study Areas












Source: Field Survey Data, 2016


During FGDs in Igunga District it was found that some of these seeds were purchased from the Agro-vet shops. Not all farmers profited from extension services provided in the Agro-vet shops, some farmers obtained their seeds from unauthorized dealers in the market. However, during the FGDs showed that the dominant crops differed by villages whereby sorghum and sunflower were grown mainly at Kishapu, maize at Igunga. Cotton was more or less cultivated equally in both districts. These results concur with quantitative results presented. 

Household interviews and focus group discussions also, reported some of the crop varieties including maize varieties which are currently grown in the study areas (Table 6.5). The most common types of maize improved seeds grown by the majority of the farmers in the two districts are Pannar, Seed-co and Stuka which are composite.  

Table 6.5: Improved maize varieties grown in the study area

















Source: Field Survey Data, 2016


This difference was mainly due to differences in the amount of rainfall received in the districts. This is in line with the moisture requirements for each crop that Maize 500-2000mm, Sorghum 250-1200mm, Cotton 850-1100mm and Sunflower 600-1000mm (Kaliba, et al. 1998, Saadan, et al. 2000 and Chapagain, et al. 2006). The Igunga District, receives up to 800 mm of annual rainfall compared to Kishapu District which on average receive annual rainfall up to 700 (Igunga District Council, 2009; Kishapu District Council, 2009).  The results also showed that agro-pastoralism was widely practiced, especially, in Igunga than in Kishapu Districts.

During an in-depth interview with the DADO, the agricultural expert affirmed that in terms of performance, hybrid crop varieties do have higher yields, perform well under low rainfall conditions, tolerate drought and diseases and mature early as a response to climate variability and change, especially drought; thus making them ideal to be grown in the study area. The cultivation of different improved crop varieties is also recommended by other researchers as appropriate in adapting to current changes in climate and weather variability (Kaliba, et al. 2000b; IPCC, 2007).

During focus group discussions farmers indicated a preference for growing a maize seed variety referred to as Pannar and explained that the variety has higher yields and takes a shorter time to maturity than others (Fig.6.3). 

Figure 6.3:  	High Yield and Early Maturing Maize (Pannar variety) in Mbutu village, Igunga 
Source: Photo credit: Peter Matata, (2017)

The participant mentioned another type of maize variety called Stuka confirming that although the type had good yields under good weather conditions and had bigger maize corn when compared with pannar, it was not suitable for roasting. A respondent from Mwamalasa in Kishapu District reported that, the planting of maize varieties, which stay under low conditions, have increased maize harvests compared to harvests from local maize varieties under similar tough weather conditions. During focus group discussions both in Igunga and Kishapu districts, it was revealed that shortened growing periods caused by short rain seasons resulted in most of the indigenous maize varieties failing. Thus by growing improved new crop varieties, farmers were assured of a bigger harvest. This had also been reported by Kabote, et al. (2013) in Iramba District.  

One of the participants in focus group discussions in Kishapu village reported that the exotic sorghum panicle was filled with grain and there were no gaps between the seeds. Another participant from Mwamalasa, during focus group discussions said that if it happened that the season had sufficient rainfall and farmers planted improved seeds, especially pannar seeds, the chances of harvesting sufficient crops were higher than farmers who recycled maize seeds. The participant commented further that some of the exotic seeds tolerate drought well.

6.2.4 	Cultivating Fewer Plots Coupled With Mixed Cropping
In both districts, coping strategies employed to deal with climate variability and change conditions included reducing the size and number of plots cultivated in a given season. Regarding of cultivating fewer plots, there were varied responses; 74% and 69.8% of respondents scored the maximum to the statement of which the proportion from Igunga and Kishapu Districts that agree of having fewer plots was 60% and 65% respectively. On the other hand, 4% and 2% of respondents in Igunga and Kishapu respectively disagreed to the statement. 

The study revealed that farmers now cultivate smaller farm plots, but maximize plot use by planting different types of crops in the same farm plot simultaneously which increases the chances of reaping more on a smaller farm plot. Thus by reducing the size and number of plots cultivated, the household effectively invests resources and energy on a small area, ensuring effective land use that would otherwise not be utilized under monoculture system. During focus group discussions in Bukama village, Igunga District, one of the participants said that:
“…Nowadays most of the farmers cultivate fewer farms and smaller sizes of farm plots because by the moment one finishes weeding on one plot, the soil is already dry. Hence working on another plot increased soil moisture loss which affected crop growth leading to wilting and drying up…” 28/3/2017.

The majority of the respondents in the focus group discussions reported reducing the size and number of plots due to droughts and rainfall uncertainties which affected crop growth and yields. The group discussions confirmed that some farmers risked and cultivated larger farm areas with the expectations that if the conditions became favorable, they could harvest enough for the family use and for the market. Also the respondents stated widely that sorghum is extensively grown in all districts than other crops due to its resistance to changes in weather conditions, coupled with increasing temperature, and has also been taken as a positive step forward as the majority of farmers now concentrate more on cultivating the crop. 
Another respondent from Mwamalasa village in Kishapu District said that, it was rare to find a farm plot which was fully cultivated, and on those which were cultivated, farmers did not finish or never turned up for weeding mainly because of drought and loss of interest in farming due to rainfall variability. In the same village another respondent reported that some households allowed a portion of their farm plot to remain fallow with the aim of collecting livestock fodder during the dry season. However, farmers not only reduced the size of their plots due to change in weather conditions, but also because of shortage of labour and diseases within the households and farm exhaustion caused by declining soil fertility.

6.2.5 	Application of Esticides as a Coping Strategy
During household survey in both districts, the respondents indicated an increase in incidences of crop pests. In Kishapu District for instance, the most serious pests reported were cotton bollworms, stalk borers, and cotton strainers and birds (Table 6.6).












Source: Field Survey Data, 2016


During FGDs revealed that bulrush millet variety had disappeared in Mwamalasa and Masanga due to bird infestation. In Igunga District the crop pests of major concern include cotton bollworm, stalk borers, pests and diseases. The major cause of low productivity in crops and livestock worldwide and particularly in sub-Saharan Africa where there are few resources to invest in protection in the form of pesticides, and vaccines. The results indicating an application of pesticides to control crop pests for productivity increase are supported by Williamson, et al. (2008) who reports application of pesticides in mixed cereals in semi-arid areas of Ethiopia. 

According to focus group discussions and in-depth interviews, in the study areas, drought has increased pests and diseases in almost all crops except in crops like local sweet potatoes.  Despite the majority reporting using more pesticides now than in the past, it is about 55% and that 35% of respondents in Kishapu and Igunga respectively were applying agricultural pesticides (Table 6.7). 

Table 6. 7: Responses to the application of pesticides
Responses	Igunga	Igunga	Kishapu	Kishapu
	Freq.	Percent	Freq.	Percent
Apply only industrial pesticides such as Thiodan	37	35.0	39	55.0
Don’t apply industrial pesticides	39	65.0	40	28.0
Source: Field Survey Data, 2016





Figure 6.4: Application of Pesticide in Mbutu Village, Igunga 
Source: Photo credit: Peter Matata, (2017)
According to DADO in Igunga, as well as evidence from the focus group discussions, it was clear that planting crop varieties has reduced the rate of crop pests and diseases in the study area. For example, participants from Igunga reported that, the improved cotton seeds (UKM 08), possesses strong resistant to smut and bacterial infections accompanied by superior yield, fiber quality and drought tolerance. 

Notably, apart from pests, diseases were reported to vary from one location to another, and depended on the type of seeds planted and the weather conditions of the season. This had also been reported by Yang et. al., (2012) in China. Focus group discussions at Bukama village in Igunga District revealed that dry seasons have more crop diseases and insect-pests than wet seasons. Similar results were reported by Kabote, et al. (2013) in Meatu and Iramba, which are located in semi-arid areas in Tanzania. A certain respondent expounded further that even though improved crops were resistant to diseases, they were more vulnerable to storage pests (like Scania), whereas large stocks were destroyed even before they were removed from the fields. 

6.2.6 	Use Of Oxen Plough as an Adaptation Strategy to Small Scale Farmers
This study assessed the use of oxen ploughs for farming in Igunga and Kishapu districts. About 82% and 44% respondents’ scores in Igunga and Kishapu respectively agreed to the use of oxen plough during farm preparation more now than in the past, while 11 % and 32% in Igunga and Kishapu respectively disagreed. Even though hand hoes form the principal tool for farm operations (tillage, planting and weeding) in the study area, studies suggest that its use limits soil aeration, root penetration and soil mixing to allow more water to infiltrate to the soil, while the use of oxen to till the land increases the rate of rainwater infiltration and soil water-retention capacity, reduces the rate of surface water run-off and helps in breaking down heavy soil particles (Madundo and Galema, 2000; Govaerts, et al. 2005). 

The use of oxen is mostly practiced in Bukama, Mwamalasa and Kishapu villages. However, in interviews and focus group discussions, it was affirmed that farmers used both hand hoes and oxen-ploughs in farming. According to DADO in Igunga District, farmers especially in the Bukama village were encouraged to use oxen-plough, during farm preparation in order to increase water infiltration and reduce surface run-off. These views are supported by the statement made by FAO (2008) in the framework for action on conservation agriculture (Giller, et al. 2009) which stated that: “… The plough has become the symbol of agriculture, which appears to be the best farming practice under current climate changes”.

6.2.7	Modelling Farmers’ Factors Influencing Choice of Adaptation Strategies to Climate Variability and Change
Information in this analysis, the probability of the model chi-square (45.676) was 0.005, less than or equal to the level of significance of 0.05. The null hypothesis that there was no difference, between the model without independent variables and the model with independent variables. The existence of a relationship between the independent variables and the dependent variable was supported. Fitness of the model is presented in Table 6.8. 

Table 6.8: Model Fitting




Source: Field Survey Data, 2016


Farmers’ characteristics relates to adaptive capacity in the adaptation process which derives from the vast body of research on the dynamics of agricultural development and diffusion of agricultural practices. Based on the review of literature on adoption of new technologies and adaptation studies, a range of household and farm characteristics that describe local conditions are hypothesized to influence farmers’ adaptation strategies used most in Igunga and Kishapu Districts. The analysis of multinomial logical regression to determine the factors influencing the farmers to use a particular method of adaptation to climate variability and change. The standardization of a category, defined as “base category” or “reference state,” was used to estimate the model of multinomial logical regression (Tazeze et al. 2012). In this study, the category “planting drought resistance crops” was used as the base category.

Quantitative results in Table 6.9 showed that, out of 8 variables entered in the model, education and household size increased the probability of uptake of planting early maturing crops by 0.05% while farmer’s age increased the probability of planting maturing crops by 0.01%. 

Table 6.9: Adaptation Strategies Commonly Used By Small Scale Farmers
Adaptation Strategies 		Frequency	Percentages
Planting drought resistant crops	97	40.4
Planting early maturing crops		67	27.9
Use of pesticides to control pests	25	10.4
Tree planting 			51	21.3
Total				240	100
Source: Field Survey Data, 2016.
N.B: The reference category is planting drought resistant crops

The rest variables were not significant at the 5% level of significance. Adesoji and Ayinde, (2013), investigating the methods used by arable crop farmers to mitigate the negative impact of climate change in Osun State, Nigeria, suggest that age, household size, education and farm size are the main determinants of the choice of adaptation strategies implemented by farmers. 

Table 6.10: Results of the Logistic Regression on the Likelihood of Smallholder Farmer Planting Early Maturing Crops (n=240)








Size of livestock 	0.573	0.719	0.635	0.426	2.126
Source: Field Survey Data, 2016

The empirical results of the MNL adaptation model indicate a positive ß sign; the positive sign on ß-coefficients implies that such variables increased respondents’ likelihood to plant early maturing crops as opposed to the negative sign.  Table 10 using Wald statistic values, the results show that education and household size have a significant effect on the dependent variable (ß = 1.068, Wald = 2.541, P ≤ 0.046, ß= 0.305, Wald =5.934, P ≤ 0.015) respectively on the likelihood of planting early maturing crops relative to other factors. Empirical studies recognize the importance of education to farmers; for example, Ziervogel et al. (2006) in South Africa, Cooper, et al., (2008) in Ghana, Deressa, et al. (2009) Nile basin of Ethiopia, and Below et al. (2012) Morogoro region in Tanzania. These studies confirm the importance of education services provided by government and community groups.

This also approved the results of Assoumana, et al. (2016) and Tazeze, et al. (2017).  Notably, this can be explained by the fact that literate farmers are able to search for information and make choices based on their preference and level of information gathered. Furthermore, it is expected farmers will opt to plant more early-maturing crops when temperatures are high because those crops can resist the high temperature. Also, farmers who are more educated and those households with more highly educated members tend to plant early maturing crops more often. The results also showed that the odds ratio was 1.07. This can be interpreted that an increase in one more year of education increases the probability of farmers using early maturing crops as opposed to not undertaking any adaptation measures.

However, farmers with more experience in farming increase the probability of uptake of all adaptation options because experienced farmers have better knowledge on changes in climatic conditions on crops and livestock management practices. A similar case was reported by 11) in their study Acquah-de Graft & Onumah, (2011) .in South Africa. 
Results of the logistic regression on the likelihood of small scale farmers planting trees: The results from Table 6.11 show that the probability of planting trees as an adaptation strategy can be influenced by household size and the economic status. Unlike the hypothesis (P > 0.05), the results showed that the household size and economic status increased planting trees and were significant at 5% while farmers’ age increased planting trees were significant at 1%. The empirical results of the MNL adaptation model, using Wald statistic values the results reveal that household size had significant influence (ß = 0.303, Wald = 6.337, P < 0.012).  Further, household size as a proxy indicator to labour availability, may affect the uptake of a new technology positively as its availability reduces the labour force constraints. 

Table 6. 11: Results of the logistic regression on the likelihood of small scale farmers planting trees (n=240)








Size of livestock 	0.45	0.779	0.334	0.563	1.568




The results further revealed that economic status (wealth) can influence of tree planting as an adaptation strategy. Unlike the hypothesis (P > 0.05), the results reveal that the economic status had significant influence (ß = 1.558, Wald = 5.19, P < 0.013), then households size with high economic status are in better position to adopt planting trees as an adaptation strategy. Seid, et  al. (2016) pointed out that household size and access to farm income (wealth) have a statistically significant impact on climate adaptation strategies. This is also confirmed by Sani and Chalchisa, et al. (2016) in Ethiopia who reported that large-scale farmers are more likely to adapt to climate change because they have more capital and resources.

Results of the logistic regression on the likelihood of small scale farmer’s use of pesticides to control pests and diseases: The results from Table 6.12, using Wald statistic values reveal that the age of household had significant influence (ß = 0.074, Wald = 1.977, P < 0.05).  The probability of small scale farmers of using pesticides to control pests and diseases increases in relation to the age of the household and it was significant at 5%. 

Table 6. 12: Results of the Logistic Regression on the Likelihood of Small Scale Farmers Use Of Pesticides to Control Pests and Diseases (n=240)








Size of livestock 	0.573	0.719	0.635	0.426	2.126
Source: Field Survey Data, 2016

As the age of the household increases, the likelihood of the small scale farmers to use pesticides to control pests and diseases in their crops and livestock increases. Thus, it is hypothesis that age of the household is positively related to small scale farmers’ propensity to the use of pesticides to control pests and diseases. The rest of the variables were not significant at the 5% level of significance. The odds ratio is the predicted change in the odds for a unit increase in the corresponding independent variable.  Odds ratios less than 1 correspond to decreases in the odds; odds ratios more than 1.0 correspond to increases in the odds; an odds ratio equal to 1.0 means that the respective independent variable has no effect on the dependent variable; and an odds ratio close to 1.0 means that the respective independent variable almost has no effect on the dependent variable (Wouensch, 2009).

The independent variable represents the factor by which the odds (event, in this research adaptation to climate variability and change) change for a one-unit change in the independent variable. In this study for example, it was found that, household size (because B is positive) the odds for small-scale farmers to adapt to climate variability and change by a factor of about 1.202, controlling for other variables in the model. In the other way, increases in size of acreage of small-scale farmers reduces (because their B values are negative) the odds of being adapting to climate variability and change by a factor of about 0.934 and 0.269 respectively. The findings in Table 6.13 imply that small-scale farmers age have one more times likely to adapt to climate variability and change as compared with the others. 

6.3 	Chapter Summary
In Tanzania, agriculture and livestock are the most important sector and are set to be hit the hardest by climate change. Its effects on agricultural and livestock keeping activities have increased dramatically with time. Understanding how farmers are adapting to the ongoing changes in climate is essential for the design and implementation of adequate policies for agriculture and livestock keeping. This paper aims to determine the adaptation strategies. Data were collected from 240 respondents in Igunga and Kishapu Districts. 

The methods used in this study included focus group discussions, key informant interviews and household surveys. Multinomial logistic regression analysis was carried out to evaluate factors influencing households’ adaptation strategies to climate variability and change. The survey reveals that Igunga and Kishapu farmers have adapted several strategies in response to climate variability and change. These strategies include “Change of planting date,” “Use of improved varieties”, “Planting trees”, “use of industrial pesticides”, “Use of mixed cropping,” “Growing drought resilient crops,” and “Use of ox-ploughs.” 








This study was conducted to establish small scale farmers’ adaptation to climate variability and change. Different methods were used so as to adapt to the changes and variations of climate. The study sought to achieve the following objectives: To analyse Rainfall, Temperature patterns in Igunga and Kishapu districts in the past 30 years. To assess farmer’s perceptions on the impact of climate variability and change; To examine agricultural adaptation strategies in response to climate variability and change in the study area and last, to assess smallholder farmers’ perceptions  on climate variability and change; to determine the effects of changes in rainfall and temperature patterns on smallholder farmers and, to examine the adaptation strategies to climate variability and change undertaken by smallholder farmers in the study area. In the light of the findings of the study, this chapter provides the conclusion and recommendations of the study also the chapter indicate areas for further researches in future.

7.2 	Conclusion
The study concludes that both study districts showed similar trends with regard to rainfall variability. Even though the study districts are both located in semi-arid areas, generalization with regard to seasonal variability was difficult due to different trends demonstrated in this study. With regard to the effects of changes in rainfall and temperature patterns, most small-scale farmers noted increases in uncertainty in crop production, drying up of water sources, increase of pests and diseases to be the major effects caused by climate variability and change in study area.

The study concludes that there has been a noticeable increase in temperature and a decrease in rainfall that the phenomena had intensified compared to the situation in the past 30 years ago. Regarding to perceptions on climate variability and change, most small-scale farmers in study areas had fouvarable perceptions on climate variability and change. The most reported changes in study area include: increased number of seasons without enough rainfall, rainfall peak season ends early than normal, poor distribution of rain within rain season, and increases in temperature. 

Regarding to adaptation strategies to climate variability and change, most of small-scale farmers are cultivating drought resistance crops, mixing cropping, cultivate fewer plots than before and changing planting dates. Using Multinomial logistic model findings, it is concluded that age of the respondents, education, household size,  and economic status have a significant effect on the dependent variable on the likelihood for small- scale farmers to adapt to climate variability and change. While the variables such as size of acreage, gender and location of an area, have a significant effect on the dependent variable on the likelihood for smallholder scale farmers to adapt to climate variability and change.

7.3 	Recommendations
The authorities at district and region level should use meteorological data to create awareness and training, and also advise farmers regarding appropriate adaptation strategies that can be used to address risks associated with climate variability and change particularly crop failure, lack of pasture and scarcity of water.

Empirically the study has found that, the majority of small-scale farmers in the study areas observed the existence of climate variability and change such as increase in temperature, delay of onset of rainfall, rainfall peak ends early than normal and decreases in rainfall amount. This should be taken as a guide on the formulation of adaptation measures to climate variability and change.

The local government authorities and other independent initiatives should be directed towards the support of crop production adjustments in order to cushion the impacts of rainfall and temperature variability during critical periods for growing of crops and pastures.  Capacity building to small scale farmers through training is still needed especially on appropriate adaptation strategies to climate variability and change. Such strategies can be applied to address risks caused by insufficient rainfall, higher day time temperature, as well as rainfall and temperature variability, which have been demonstrated in this study. Climate variability and change policies should be actively incorporated in all developmental plans. 

At the country policy level, Tanzania governments should include climate variability adaptation policies in their development agenda. The agenda should include supporting farmers in increasing these adaptation measures through improving their access to different kinds of livelihoods assets to enable them to enhance their adaptive capacity. The decline in crop production and increasing water shortage in the study area were found to be the main perceived impacts caused by climate variability and change. Although this study found variations in magnitude of the effects between Igunga and Kishapu areas, yet it is hereby recommended to the village and district level government to sensitize farmers to plant improved varieties which are drought resistance to climate variability and change. 

7.4 	Contribution of the Study
This has contributed to the existing body of knowledge. It has increased coverage of information on small-scale farmers’ adaptation to climate variability and change as very little seems to have been studied on the same. This is because many available studies on adaptation to climate variability and change conducted in Tanzania have been focusing on famers as a single unit and forgetting the agro-pastoralist.

7.5 	Areas for Further Research
The study recommends the following areas for further research, which were not the focus of this study:
i.	Nevertheless, this thesis has demonstrated that climate variability and change had negative impact on crops and livestock, there is a need to investigate farmer’s economic risks associated with climate variability and change in the farming system. This should also include examining existing indigenous knowledge to manage specific climate variability risks;
ii.	The results had established that climate variability and change could be negatively affecting the households in terms of food security; further studies should examine the relationships between changes in nutrition and climate variability and change.
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Appendix I: Questionnaire to Respondents
RESEARCH QUESTIONNAIRE
Assessment the impact of climate variability and change on agriculture productivity and adaptation strategies in the semi-arid area of Tanzania: the case of Kishapu and Igunga districts
The Main Objective:     To elicit data from Kishapu and Igunga districts in order to assess the Impact of Climate Variability and Change on Agriculture Productivity and Adaptation Strategies in the Semi-Arid areas in Tanzania.
Instructions
1	This questionnaire is intended to collect data about the research topic written above.
2	Each respondent serves as a representative of others.
3	This questionnaire consists two types of questions.
-	Questions which need a tick (√) in the appropriate box.
-	Questions which need fillings of explanations (open ended questions) 
4.  Please kindly answer all questions correctly as instructed but you are free to skip any question you feel uncomfortable to respond.
5.	The researcher asks your maximum cooperation to make this work successful.
6.	This is not a test; there is no correct or wrong answer. And the research answer will be under the privacy.
7.	All answers will be treated confidentially and used only for academic purpose.
8.	Do not write your name anywhere in this questionnaire.
9.	I hope you will fill this questionnaire on time.
Appendix II: Questionnaire for Heads of Households
SECTION A: head of household characteristics
1. 	(Questionnaire number ………………..




3. 	Gender of the respondents 1. Male…………..2. Female…. 3..	Age..……… 
4. 	Main occupation…………………
i. 	Crop cultivator 
ii. 	Livestock keeper   
iii. 	Agro pastoralist
iv. 	Shop keeper
v. 	Traders                                
vi. 	The total number of the household…
6. 	Education level: 
1.	No formal education
2.	Adult education,        
3.	Primary,                     
4.	Secondary,                 
5.	College,                      
6.	University,                 
7.	    What are the main livelihoods in this area?..............................................







9. Do you own land for agriculture?   (a)Yes (b) No





11. 	What is your total land size under crop production……………… (Acres)
12. 	During the most recent season, did the household grow any crops? ……………
i)	 Yes ( ii)   NO
11.	 If the household did not grow any crop, what was the main reason?..................
13. 	Has the amount of crops that your household produces increased or decreased or remained the same during the five years?..............................................









B. 	IMPACTS OF RAINFALL AND TEMPERATURE PATTERNS
15. 	At household level what is most impacted by climate variability and change?





18. 	Is there any change on types of crops or crop varieties you are growing now compared to the situation in the past 10 to 31 years?
1.  YES    [   ]
2. NO     [   ]
19. 	If yes, what factors have contributed to the changes in Qn 3? [Multiple response]
Variable	Response
Yes=1	No=0
Decrease in amount of rainfall	
Increase in surface temperature	
Increase in frequency of drought	
Increased	unpredictability	of rainfall	
Late on set of rainfall	
Early cessation of rainfall	
Others (Specify)	

 20. What are the dominant crops grown in the village?
       (a) Main cash crops……………
       (b) Main food crops……………….
       (c) Minor crops……………………..
21. 	Are there any new crops which emerged in your area in recent years? (1) Yes (2) No, 
22. 	If yes, list the emerged crop and the reason
       (a)…………………     Reason…………………
       (b)…………………….Reason…………………
        (c)…………………… Reason………………… 
23. 	Are you using improved crop varieties? (i) Yes (ii) No
24. 	If yes list them
     (i) Crop……………………..Improved varieties……………
     (ii) Crop…………………… Improved varieties……………….
     (iii) Crop……………………Improved varieties……………….
25. Why did you change the crop variety? Explain............................................
26. Have you encountered problems of pests and diseases for the past 10 to 31 years? (i)Yes (ii) No
27. If yes, which are the major crop field diseases/pest which attacks your crops?
     (i) Field diseases……………….. 
     (ii) Field pests……………………..
28. Do you keep livestock?  (i) Yes (b) No
29. If yes, what type of livestock?
        (i)………………………..Number………..
       (ii)………………………. Number…………
       (iii)……………………….Number…………...
        (iv)………………………Number……………
30. In your village are pasture/animal feeds are readily available throughout the year?
        (i)  Yes   (ii) No
31. If no what are the coping strategies………………………….
32. Were pasture/livestock feeds readily available in the past 10 to 31 years?
       (i) Yes     (ii) No
33. If no, what are your coping strategies……………………
34. Are there any traditional methods of pasture preservation in your village? 
     (i) Yes (ii) No
35. If yes, what is that method………………..
36. Have your livestock size changed in the past 10 to 31 years?
(a)	YES [  ]
(b)	NO [  ]
37.  If yes, give an estimation of number of livestock kept in 10 to 31 past years compared to the current number of livestock you have








38. What factors have contributed most to the changes in size of livestock? [Multiple response]
(a)	Decrease in amount of rainfall [YES/NO]
(b)	Increase in surface temperature [YES/NO]
(c)	Increase in frequency of drought [YES/NO]
(d)	Increased unpredictability of rainfall [YES/NO]
(e)	Late on set of rainfall [YES/NO]
(f)	Early cessation of rainfall [YES/NO]
(g)	Diseases [YES/NO]
(h)	Other specify…………..
39. Have you changed the grazing place for your livestock in the past 31 years?
(a)	Yes [  ]
(a)	No [  ]
40. 	What factors have most contributed to change the grazing area? [Multiple response]
Variable	Response
  Yes=1	No=0
Decrease in amount of rainfall	
Increase in surface temperature	
Increase in frequency of drought	
Late onset of rainfall	
Livestock disease and pests	
Agricultural expansion	







41. Where do you get water for your livestock during wet season?
            i. River in the village {  }
          ii. River in another village {  }
          iii. From my own pit/well {  }
42. Where do you get water for your livestock during dry season?
           i. River in the village {  }
          ii. River in another village {  }
          iii. From my own pit/well {  }
43.  What factors have most contributed to change areas where you get water for the livestock? [Multiple response]
(a)	Decrease in amount of rainfall [YES/NO]
(b)	Increase in surface temperature [YES/NO]
(c)	Increase in frequency of drought [YES/NO]
(d)	Increase in frequency of floods [YES/NO]
(e)	Increased unpredictability of rainfall [YES/NO]
(f)	Late on set of rainfall [YES/NO]
(g)	Early cessation of rainfall [YES/NO]
(j)  	Others (Specify) --------------------------------------------------------------------------
44. 	Have you been applying fertilizer in your field in the past 10 to 31 years in your field (i) Yes (ii) No?




46. If no give the reason (s)……………………………………

SECTION C: FARMERS PERCEPTIONS ON THE IMPACT OF CLIMATE VARIABILITY AND CHANGE
47. 	Have you observed any change regarding rainfall in the past10 to 31 years? 
1.	Yes	2. No
48. Have you observed any change regarding surface temperature in the past 10 to31 years?
1.	 Yes	2. No
49. Is there any change in on-the onset of rainfall in the past 31 years? 
     1. Yes	 2. No 
50.  If yes, which changes have occurred?
1.	Rainfall now starts earlier [   ]
2.	Rainfall now starts late	[   ]
51. 	Is there any change in cessation of rainfall in the past 31 years? 
1.	Yes 	2. No
52. If yes, which changes have occurred?
1.	Rainfall now ends earlier	[   ]






In Q 53, I am going to ask about types of changes which have occurred in the past 31 years regarding rainfall and surface temperature. Indicate the direction of agreement or disagreement and its intensity for each of the following climate variability indicators.
Statements	Strongly agree	Agree	Not sure	Disagree	Strongly disagree
Drought period seems to be longer [Drou]					
Rainfall seems to be less [Rain]					
Average  temperature seems to be higher [Aver]					
Rainfall seems to be more variable [Rain]					
Decrease and drying of water [Decr]					
Weather seems to be unpredictable [Weat]					
Length of growing period seems to longer [LLEI]					
Loss of crops seem to be higher [Loss]					
Fodder seems to be less [Fod]					
Growing season seems to be shorter [Gro]					
Crop diseases have increased [Pests]					
Livestock diseases have increased [Live]					
Death of livestock have increased [Deat]					
Rainfall  seems to have increased [Rain]					
TOTAL SCORE [Aaaa]					
Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1


SECTION D: ADAPTATION STRATERGIES TO CLIMATE VARIABILITY AND CHANGE
 Changing farming practices 
54 Indicate your response to the following statements on respect to the current changing farming practices 
Statements	Strongly agree	Agree	Not sure	Disagree	Strongly disagree
You have changed planting dates now					
You practice more conservation farming (zero tillage) now					
You practice  more terrace farming  now					
You use more manure now					
You retain more crop residuals and grass on the farm now					
You use more factory fertilizer now					
You use tractor more now					
Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1





56. Indicate your response against each of the following statement using (√): 
Statement	Strongly agree	Agree	Not sure	Disagree	Strongly disagree
You practise  mixed  cropping  more  than  past decades					
You grow  more  improved  maize  varieties  now than past decades					
You cultivate fewer plots now than in past decades					
You grow more drought-resilient crops now than in past decades					
You depend more on remittances now than in past decades					
You cultivate more crops other than maize and beans now than in past decades					
You depend more on non-farm activities now than in past decades					
You keep more livestock now than in past decades					
You  use  more  industrial  insects  and  pesticides now than in past decades					
Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1


57.  Limitations on adaptation
Statement	Strongly agree	Agree	Not sure	Disagree	Strongly disagree
Climate	variability  (drought, increase in temperature and erratic rainfall)					
Insufficiency and untimely delivery of agricultural inputs					
Low financial capacity at different levels					
Top-down strategies					
Pests, crop diseases and vermin					
Unreliable weather forecast information					
Soil fertility					
Poor agronomic practices					
Lack of education on climate change adaptation mechanisms					
Increasing cases of human diseases (Malaria and HIV/AIDS)					
Emphasis  on  modern  farming  methods  at  the expense of traditional practices					
Migration of the youth to other areas					
  Note! Strongly agree = 5; Agree = 4; Not sure = 3; Disagree = 2; strongly disagree = 1
                                     




Appendix III: A copy of the checklist of items used for focus group discussion
58. 	Analyze climatic factors which can cause bad or good years. Identify what are the most perceived climatic factors that cause bad years. 
59. 	Explore changes in grazing areas and water sources for the livestock in the past 31 years and factors associated to the changes [climatic factors]
60. 	What are the food and cash crops in your area? Mention them…..1….2….3 etc
61. 	Where do you do you get your seeds for sowing in the field?
62. 	Do you use pesticides to control pests in your crops? If Yes, mention which one, on which crop?


THANK YOU FOR YOUR COOPERATION


Appendix IV: A copy of the checklist of items used for focus group discussion
63.		(a) Assess changes of food and cash crops/varieties grown for the past 31 years and climatic factors associated to the changes. What other factors have exerted the changes?
       (b) Explain the climatic factors which can cause bad or good years. Identify what are the most perceived climatic factors that cause bad years.
65. 	Explain about the bad and good years you remember for the past 31 years and events associated with those bad and good years
66. 	Explore changes in cropping calendar for the three most important food and cash crop in  the past 30 years and climatic factors associated to the changes.
67. 		Does any action or measure exist in your area with regard to adaptation of water                   management to climate change impacts?
68.  	Explain the evolution of drought in recent years 1985-2016
69. 	What are the impact of drought to crops?
70. 	Establish variability of rainfall patterns for the past 31 years in terms on-sets and cessations, sufficiency of rainfall to raise different food and cash crops from planting to harvesting. Also sufficiency of rainfall for pastures and water for livestock throughout a year
 71.  	Explore changes in type and number of livestock kept for the past 31 years. What causes animal death?
72. 	Mention some forms of adaptation have been made?
73. 	What factors have contributed most to the changes in size of livestock?
74. 		Can you explain about the economic status of the villagers (Conduct wealth ranking?)
75. Could you explain how you get information related to climate variability and change?


Appendix V: A copy of the checklist of items used for key informant
76.  	Explain the status of the traditional forest reserves in this area (e.g. deforestation,   afforestation)
77.  	Explain about the diseases and pests increase / decrease? Specifically, what epidemic? 
78.    	Explain the types of diseases and pests in crops 
79.    	Explain the impacts of drought to crops and water?
80. 		What are the crop varieties in your area?
81. 		Why mixing cropping practiced by farmers?











            


Appendix VI: Economic indicators at Mbutu village
Item/Specific reasons	Low	Medium	High
Availability of land	 Less than two acre	Own more than 20 acres	 Own more than 70, can hire land to others acres
Livestock ownership	Own 5-10 chicken	Own 10 cattle, 30 goats.	Own cattle 50Own goats 30Donkey 10
Food storage	 Stores less than one bag of sorghum	10+ Sores less than 10 bags of sorghum	50+ Sores more than 50 bags of sorghumg
Business	 Selling charcoal and fuel woods as source of income	Own kiosks	Own big shops
 labour	 Sells his labour by working to others	Can hire labour, Sometimes sells labour        	Can hire labour
Farming implements	Uses hand hoe  to cultivate	Uses ex-plough to cultivate	Uses  ex-plough and tractor 
 Number of meals taken	Eat one meal per day	Eat two meals per day	Eat three meals per day
Medical costs	Cannot afford medical costs, always use traditional medicines.	Can afford medical costs	Able to afford medical costs 
Housing type	The house is thatched by grass and poor quality	The house is roofed with corrugated iron sheet	The house is   roofed with corrugated iron sheet




Appendix VII: Economic indicators at Bukama village
Item/Specific reasons	Low	Medium	High
Availability of land	 Own 1-2 acres	Own more than 20 acres	 Own more than 70, can hire land to others acres
Livestock ownership	No livestock owned	Own 10 cattle, 30 goats.	Own cattle 50Own goats 30Donkey 10
Food security	 Less food security,Food takes  less than five months a year	1 More Food secured,   Food takes ten months a year 	50+ Produce large amount of food, most of which is marketedg
Business	 No any business 	Own small shops like kiosk, selling livestock	Own big shops 
 Labour	 Sells his labour by working to others	Can hire labour, Sometimes sells labour        	Can hire labour
Farming implements	No farming tools owned	Plough with oxen	Uses  ex-plough and tractor 
 Number of meals taken	Eat one meal per day	Eat two meals per day	Eat three meals per day
Medication	Always use traditional medicines.	Can afford medical costs	Able to afford medical costs 
Housing type	The house is thatched by grass and poor quality	The house is roofed with  iron sheet	The house is   roofed with iron sheet




Appendix VIII: Economic indicators at Kishapu village
Item/Specific reasons	Low	Medium	High
Land to cultivate	No land to cultivate	Able to hire land	 Own more than 60, can hire land to others acres
Livestock	No livestock owned	Own  goats only	Own goats, donkey, cattle and sheep
Food storage	 Stores less than one bag of sorghum	10+ Sores less than 10 bags of sorghum	50+ Sores more than 50 bags of sorghumg
Business	 Selling charcoal and fuel woods	Own kiosks and off-activities	Own big shops
 Labour	 Own hand hoe	 Plough with hired oxen	Can hire labour
Farming implements	Uses hand hoe  to cultivate	Uses ex-plough to cultivate	Uses  ex-plough and tractor 
 Number of meals taken	Eat one meal per day	Eat two meals per day	Eat three meals per day
Medical costs	Cannot afford medical costs, always use traditional medicines.	Can afford medical costs	Able to afford medical costs 




Appendix IX: Economic indicators at Mwamalasa village
Item/Specific reasons	Low	Medium	High
Availability of land	 Less than two acre	Own more than 20 acres	 Own more than 70, can hire land to others acres
Livestock ownership	No livestock owned	Own 10 cattle, 30 goats.	Own cattle 50Own goats 30Donkey 10
Food storage	 Stores less than one bag of sorghum	10+ Stores less than 10 bags of sorghum	50+ Sores more than 50 bags of sorghumg
Business	 Selling charcoal and fuel woods	Own kiosks	Own big shops
 labour	 Sells his labour by working to others	Can hire labour, Sometimes sells labour        	Can hire labour
Farming implements	Uses hand hoe  to cultivate	Uses ex-plough to cultivate	Uses  ex-plough and tractor 
 Number of meals taken	Eat one meal per day	Eat two meals per day	Eat three meals per day
Medical costs	Cannot afford medical costs, always use traditional medicines.	Can afford medical costs	Able to afford medical costs 
Housing type	The house is thatched by grass and poor quality	The house is roofed with corrugated iron sheet	The house is   roofed with corrugated iron sheet










Appendix X: Economic indicators at Masanga village
Item/Specific reasons	Low	Medium	High
Availability of land	 Less than two acre	Own more than 20 acres	 Own more than 70, can hire land to others acres
Livestock ownership	No livestock even chicken	Own 10 cattle, 30 goats.	Own cattle 50Own goats 30Donkey 10
Food storage	 Stores less than one bag of sorghum	10+ Sores less than 10 bags of sorghum	50+ Sores more than 50 bags of sorghumg
Business	 Selling charcoal and fuel woods	Own kiosks	Own big shops
 labour	 Sells his labour by working to others	Can hire labour, Sometimes sells labour        	Can hire labour
Farming implements	Uses hand hoe  to cultivate	Uses hand hoe and ex-plough to cultivate	Uses  ex-plough and tractor 
 Number of meals taken	Eat one meal per day	Eat two meals per day	Eat three meals per day
Medical costs	Cannot afford medical costs, always use traditional medicines.	Can afford medical costs	Able to afford medical costs 
Housing type	The house is thatched by grass and poor quality	The house is roofed with corrugated iron sheet	The house is   roofed with corrugated iron sheet
Use of traditional methods of helping each other with farming	Can use his family to cultivate the land	Can invite a group of 20 people	Can invite group of 20-50 people
        


Appendix I: Descriptive Statistics (Farm size)
District Name	Variable	n	Minimum	Maximum	Mean	Std. Deviation
Igunga	Total land size owned (acres)	119	1.00	70.00	11.8739	11.45925
	Land size under crop production	119	1.00	40.00	7.5798	6.35729
Kishapu	Total land size owned (acres)	121	2.00	40.00	10.8058	8.15408


















Std. Error of Skewness	.306	.306	.306	.306	.306	.306
Harmonic Mean	29.9792	30.5515	30.1894	32.6980	30.9103	29.8174







1. Manifestation to Climate variability and change.
	Temperature
	Rainfall




2. Effects on farming systems and livelihoods
	Failure in Crop production





4. Adaptation strategies to climate variability and change
	Crop varieties and livestock breeding
	Change of seasonal calendar
	Change of agriculture techniques


3. Perceptions towards  climate variability and change



